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ABSTRACT 



Dsiiig data froa the 1960-1977 period, this study 
prpVides a range of headccunt enicllment projections for the Michigan 
higher education system to the year 2000 by type of institution and 
by age and sex of student unde^: alternative sets of pxcjection 
assumptions- The theoretical framenork, aethodology, and MorJting 
aodel developed this stu^y are designed to reduce the uncertainty 
associated Mith^i&g-run forecasts of the demand for higher education 
and provide a tqol that will t€ of continuing use tc the planning 
cOBBunity- Enrollaent is predicted by examining two factbrs. First is - 
the complex economic and deaographic phenomena that jcintly d'eteroihe, 
the size and distribution of the population pool feed iag higher > '[ 
education. Second is* the network of ecvironiental and behavioral 1 
relationships ;that determine participation rates in higher education- 
The study concludes that enrollaent will peak in the »late 1970»s, 
remain essentially sta'ljie through the early 1 980»s, and tbeji deciine 
steadily until the mid-to-late 1990's-. Other conclusicns dr'awn by' the 
study suggest .th^t four-year Institutions will fare slightly better' 
thaii two-year schools ar^d female enrollments will grow relative to . 
aales. Tables include st^atietlcal information or eccncaic 
pro jections, ^^enrollment patterns, structural equations, an.d exogenous . 
variablfes. Three appendices axe prcvided: Structural Equations and 
Variable Definitions; Demographic Methodology; and Household Demand 
for' Higher Education. A -ijibliogra phy is provided. (IC) 
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PUBLISHER'S NOTE 

The Presidents Council is pleased to publish ^th.i? research report on 
highisr /education enrolTment projections by Dr. 'James L. Moor, Jr., of Central 
Michigan University. The Moor study is a special piece of worlj. Those 
cbncerned with the discipline of method will find it designed and executed 
with meti'calous care. Those whose focus is primarily on substance will find 
it a valuable source of information. All who are professionally engaged in 

higher education planning will find here an innovative ^tool to enhance the 

! ' .. ■ ■ . . . 

precision of their profession. . . 

■ • ■ . - 

Dr. Moor has focused on long-range forecasting. of demand for higher 

education- services in Michigan. In the.process' he' has created a" highly • • 

sensitive and versatile model with the capability for application in other 

states and regions. The innovations in forecasting here are particularly 

timely, ^and welcome, as all^of u^ who are concerned with* the future of 

higher education seek a clearer and more reliable vision of*the variables 

which will shape that future. 

This study was f i rsf brought to our attention by our colleague Dr. Harold 

Abel, President of Central Michigan University. We reconwfend it to^ you as 

enthusiastically as Dr. Abel recommended it to us'. We have brought the 

report to print because it is a first-rate s^tudy which deserves the attention 

of all who might benefit from it. * ^ 
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The purpose of this stuay is 'to project enrolments in Michigan's . 
system of higheT education foV the remainder of the' century. These projec- 
^'ons are intended to provide Useful input to the various agencies and 
institutions which must plan ai^ make policy for ^ future. Expectations ' 
concerning- that future will, in %urn, set the' mobd and influence the emphasis 
for public and ;)rivate planning iii higher education ^(^^Ife next two decades. 
The theoretical ffamework, methoAlogy, and working-inddel developed in this 
rtudy will redudB, hopefully, the uncertainty associated with long-run- 

i . ' ^ * 

forecasts of the demand for hidner education and provide a tool which will 
t>e*\>f continuifig 4js.e, to the, plinninq community.-' , * 
In order to explain pa^t enrollment patterns and to project future 
trends, one must deal witl^^two separate but interrelated challenges, both of 
,which are critical to the quality of the projections. First, it is - 
necessary to model the complex economic and demographic phenomena which 
jc^ntly determine the size and distribution of the population pool which f^eds 
higher educati^n--defined in this study as Michigan's 18-49 year-olds.v^The 
trend-demographic population forecasts most often utilized for estimating 
this pool 'are potentially flawed, because they fail to specifically account 
for the socio-economic determinants of gross and ne.t migration flows. 
Migration is, at once, the. most volatile component of regional population 



change and the only compdfient that is of serious concern to the higher 
education plaflmng process. In comparison, changes in birthrates, for example 
Can te observed nearly two 'decades prior to t^feir Impact on college enrollment 



This study utilizes an economic-demographic model which simultaneously 
predicts such key variables as income by industry, employment by industry, 
labor 'force, unemployment rates, population by age, race and sex, and- 
migration flows. . . ^ 

jf Secorid, it is necessary to capture the equally complex network of 
environrr^tal and behavioral refationship'i^which determine participation 
rates in higher education. In other words, one must able to predict 
what proportion of each age-, race-, and sex-specific sub-group of the 18-49 
year-old population will^hoose to enroll, in this second 'step of ttie 
sequential research process, it is just as important to. avoid casual 
modeling which accepts ad hoc explanations of human choice processes in 
isolation fmm the economic realitie;? of alternative opportuniti£S, relative 
price movemertts, public subsidies, changing tastes and shifting population 
distribution. Thus, the underlying and seemingly simple calculation— which 
multiplies the number of persons vin the eligible population pooV by a 
participation rate Id yield the number of enrol lees --becomes a sophisticated 
problem In economic-demographic modeling. • ■ ' . 

-Beyond the challenge of finding an' appropriate conceptual approach, therfe 
are a series of more practical problems. The theoretical model must be 
es'timated, simulated, and projected^using actual data. T^^ region-specific 
data base is typically less than adequate with refspect to both quantity and' 
quality, and Michigan proves no exception to the general rule. Furthermore, 
behavior among different subgroups of higher education enrol lee^ is quite\ 
dissimilar, in tenns of both cause and effect. Males and females, whites and 
non-whttes, tradition'fel and non-traditional-age students exhibit notably 
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varied patterns of enrollment, Conse|uently the data base and the model 

alike. must be highly disaggregated by^age, race, and sex wherever possib.le. 

Last, because projecting the future requires forecasting certain external 

^ ' ' 1 • ■ ■ . ' 

variables, si^h as the rate of natiorpl economic growth or government 

^ ■ ' - t 

policy changes,' no o/ie set of projection assumptions is adequate to . ' 

* l\ ■ ■ 

serv'e a diverse audience. Consequehtl the model structure must be flexible 

• • ' li ' • ' ^ 

enough to accept alternative sets of asfsumpt ions which can be easily and 

cheaply processed to yield a range of forecasts. 

It is the author's hope that this work provides. a reasonable although 

certainly far from perfect response tQ^thesfe challenged. Using ^^^from the 

1960-.T977 period, the study provides ^a range of headcount enrollment * 

* * 

projections to the year 2000 by type gf, institution j^d by age and sex pf 
student under, alternative se1:s of projection assumptions. The study concludes 
that enroftments will peak in the late 1970' s, remain essentially stable' 
through the early IQSO's, and tfien decline steadily but rtot precipitously 
)jntil the mid-to-late 1990' s. The "most likely" range for maximum decline is 
predicted to be 15 to 20 percent fer the entire system. Within this overall 
pattern of changp, private and public four-year institutions tend to fare 
slightly better than the public two-year schools. Female enrollments grow 
relative to males, with^femala groups under thirty exhibiting the largest 
participation rate increases. On the other hand, participation rates on the 
part of students over thirty are projected to decline from. their present 
all -time highs. Non-traditional student enrollment will remain at or near, 
current levels, however, due to dramatic Increases in the number of person^ ^ 
from 30-49. years old which will occur' as the well-publicized "baby boom" ' 
continues to age. 



The projectlens are annufil forecasts of long-term trend and do not 

purport to predict the inevitable cyclical variations about trend that will 

occur from year to year in both the Michigan econoiny and the deqand for 

higher' education. The model developed in this study attempts to capture 

s 

the complex economic-demographic factors which comprise thfe highly 
interactive environment within which hf^her education exls^§^ Its 
usefullness jwill depemd dn how well it has identified the meaningful- casual 
relationships which undenlie the human- behavior being modeled. 

But surely no research effort can duplicate th^ complexities of real 
world behavior or anticipate fully the unexpected. Consequently, the 
usual .caveat applies--those factors which have and will influence enrollntent 
but are not expl icitly .treated^by the sUidy are. impli.citTy assumed to remain 
' constant. ' For example, this work neither anticipates substantial new. programs 
fof.higher education nor any dramatic changes in the nature of public fund-ing. 
The enrollment trends predicted here could be partially offset by new and 
more attractive services. Equally as well, they could be mandated or, indeed, 
exacerbated by reductions in funding, were those reductions to occur before 
rather than after the fact. In the end, therefore, it is the response of the' 
"higher education system" to its own expectations about the future which will, 
in part, determine what is to come. 
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INTRODUCTION 

Higher education the 0., S. has been chapracterized by stsa^-and 
often 'dramatic grow.th during the post-war period. This wa^ especially . 
true of the I960' s and 'l970's to date, a period 4Uring wjjlch" tt»e nunter 
of institutions, enrollment, public investment, and employment In higher./ 
education increased year by year With only an occasional pai/se^ As^ a 

nation, we spent only 12.1 billion on higher education in 1950- arid * / 

i ■ . ' ' " ' 

$6.7 billion in 1960, as compared to $49.2 billion in 197.7'. Thif repre- 

sents,a steady increase in the percent of society's productive capacity 

devoted to higher education, from less than one percent of gi^ss natiornal 

product in 1950 to nearly three percent in 1977.* Moreover,' superifupo^^d : • 

s ' ' . 

on this trend was a continually increasing share of public as^ opposed to/* 
private institutio/is and enrollment. In short, publlcly-dontroH^ 
institution-s now*generate mor^ than 75 percent of enroTlmehts in higher; .vr' 
education and government ^provides 50 percent of the funding, frfcluding \- 
about 20 percent of the funds used by private institutions. ' . ; 

As a consequence of seemingly .unending growth, ohe-of the more critical 
questions for educational planners and policy-makers is whether the post-war' 
trends to date will continue, level-off, or decline through the 1980's 
and 1990's. Expectations concerning the answer to th-is question will. set 
the mood and, in part, determine the emphasis for pub'lic and private planning 
ia higher education through the remainder of this century. The purpose of 
this study , is to provide a theoretical framework and an empirical model 



^The speeding figures are t^ken from tables prepared by the U. S, 
National Cefiter Fx)r Education Statistics and published in the Statis- 
tical Abstract of The Lfnited States . 
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ihicK attempt -^0, answer -this question 'or, .at^least, to^ reduce"" th& uncer- 
tairrty associated with long-nun enrollment forecasts for Michigan., The . * 
end-product includes a series. of prpjectibhs for enroTlmejit In M.1cHigan*? • v 
higher educki^gc! insrtltutiorts thi^u^ 2000. ^ -Ttves.e projections ' y * 

xionclude tlj€rt the "cliinb*'. of' the ip;^.0's and' >97bU Is jus£ about over an<i' * • 

the late 1980' s. and- 1990' s will most likely bring moderate decline's.' 

" ' . • ' " ■ . •■ . 

Hopefully, the methodology tieveToped here will be of . continuing use to planners 

and policy makers as thfey try to*anticipa,te the future. * . . 

r 

POST-WAR -EDUCATION^BOOM . ' ' 

Before detailing the theoretical and empirical design of the stu(Jy, it 
vfill be useful to attempt to highlight some of the apparent causes of the 
post-war experience t^ 'date. The author would characterize a significant 
portion af the climb as'a confluence of rather fortuitous events and circum- 
stances., not likely to be duplicated again. The most notable of these was' 
demographic— th* so-called "baby boom" of the 1950 ^s and early 1960 's. ^ 
Had everything else remained%the same, this single factor Could have led 
to steadily increasing, enrollments until the eair-ly 1980'/4. If we delineate . 
t^e baby-boom as 1947-1961 ,^ then 'it will not be untit 1983 that the last 
birth cohorts of that "booni|' will reach twenty.-two years of age. Following 



.^The year 1961 began a' steady decline in births in Michigan caused by 
a decline in the completed fertility rate from over 3.5 children per Woman 
tounder 1,8 children per woman by the raid-1970's, according to estimates by 
the Michigan Department of Public Health and the author. 

"^A "cohort" is a 'group of in.diyiduals who experienced the same demo- 
graphic event (birth, death, marriage, etc.) during a specified, brief 
period of time, usually a year. In this ^tudy, the "birth cohort" is most 
often utilized, referring to persons born in-the same year or period of 
years. As a consequence, these people are constantly in the same "age 
cohort" and can be subdivided according to other demographic characteristics 
such as race, sex, years of school comp,leted, etc. - . 

* * 

t 
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that cohort will be steadily ^declining numbers of those college-age persons 
.wh(j have exhibited the highest propensity to enroll in -higher etjucation-, 'th^ 
18 to 21 year olds.;. In contrast to the "baby boom," the "baby bust" continues 
in spite of some predictions to the contrary.^ It must be recognized for . 
purposes of planning in the* remainder of the century that a new baby bobipi 
'should one occur, would have little impact on higher education until after 
the turn of' the century. 

The demographic bulge was not the only factor leading to increasing 
enrollments in -the post-war period. Rising numbers of potential students 
wqre accompanied by changing societal values. Higher education, once the 
training ground tor the elite, is now perceived by individuals and society 
alike as one method of enhancing the equality of opportunity.^ These* 
changing values were reinforced with legislatioiN which institiited non- 
discrimination and aff irmciti ve-action polict'es and were augmented by a 
variety'of direct subsidies to higher education a^lopted by both federal 
and state government. These subsidies, ranging from guaranteed loans to 
outright grants, lowered the net explicit price o¥ higher education to the 
enrollee. One result was considerable educational widening and 'deepening, 
as traditional-age college ^students sought more education than before and 
non-traditional students increased- thei r propensity to enroll. ° Consequently, 



^See table B-3 for addition/al information on birthrates. 

^R. W. Fleming, '"Reflections on Higher Education," Daedalus , 
Fall. 1975, p. 8. ' <. 

^The terms "widening", and "deepening" come from Howard R. Bowen, 
"Teaching and, Learning: 2000.A- E^r" New Directions In Higher Education . 
No. 42 (Winter, 1975), p. 3. Foti purposes of this study traditional-age 
college students will be considered to be from 18-24 years of age; non- 
traditional students from 25-49 years of age". ^ 



hi ghejr education participation rates wilhfn cohorts increased simuU^nequsly 
with the' si z^' of t^^^ : ■ * , ; V • 

Rising demand for highef.ejlucation, especially publicly-|ubsidized'' - 
education, pat pressure on the supply'' side. The unusually strong econoniy 
"of the 1960' s, especially in: Michigan which fexper^ienced an unprecedented 



economic boom fueled |)y rapid growth tn automobile demand, allowed public 
investment in higher education to expand to satisfy' rising enrollments. 
Ex'isting facilities were expanded and'the fiscal dividend of the ^960's 
facilitated the rapid development of a new low-cost, higher education 

i . * ■ „» . 

institution--the public, two-year college. Two-year colleges, ifi turn; 

•further ^tugmented participation 'because their locaillion and focus frequently 

♦ ■ ■ •• • . , ■ .-* 

allowed students to Hve at home and perhaps work as well; thus, not bear 

the higher explicit price of a four^year edtication. .This confluence of 

* '«• ■ . " > . 

^ enrol lmertt-*induclna economic events was buttressed by rapidly rising real 4 




per' capita incoKflBhich brought -students to college at all levels who had/ , 

not heretofore considered higher education as an affordable alternative. 

• . ^"^ 

■ Therefore, enrollments would +iave surged in the 1960's and 1970's 
without the Vietnam experience, which precipitated even higher education 
participation rates among young, draft-age mal^swho elected additional 
schooling over active duty. A new Gl^bill also entitled those who served 
to qualify for subsidized enrollment subsequent to the* war. This study and 
others^. demonstrate that both factors increased participation rates, the 

♦ e 

"participation rate" is the proportion of a given cohort of people 
who choose to participate in a given activity or demand a given commodity. 
For ekample, higher education participation rates measure the proportion of 
given age- and sex-specific groups who enroll in college. 

%ee U. S. Bureau of the Census, Current Population Reports. Series P-20, 
"School Enronment--Social and Economic Characteristics of, Students (annual)," 
Gspecial'ly the October, 1976 report, No. 319 (Feb. 1978). Also see H. Galper 
and R, M. Dunn-, Jr.,. "A Short-Run Demand Function for Higher Education in the 
United States," Journal of Political Economy , Vol.' 77, No. 5 (Sept. -Oct., 1969) 
pp». 765-77. . 



former for 18-21 year-old males, the latter for older raleS/ 25 arv^r 

over/ Enrol Ijnent of males over 'thirty also .gr6w4>eq^5e of a ; 

prQvUion in the bill which made Interwar veterans (Korfea-Vietnam) >'. 

eligible for full education benefits until .{lay, 1976. ' 
• Finally', U.'S. labor markets were continuing to demanil increasir\$' 
„JlAffil^if^..,of iojlegenedu abor ♦ Through the 1 960 ' s , the demand for, such 



labor exceeded the supply, making higher education a good ,in vestment. Most 

studies covering this period cohcluded that the rate of return on a college 

- . f 

' educatton (a" fbrm of human capital) exceeded the rate of return on physical . 

capital JO To reitera-te then, the socio-economic circumstances which 

characterized the post-war period to date represented a confluence of 
'enrollment- inducing events wh-ich carried enrollments and public investment 

in higher education to all-time highs in (he mid-1970's. What of the 

refliainder of the century? c • 

WILL THE EDUCATION BOOM CONTINUE? 

The remainder of the century appears to harbinger factors which- will end 
the higher education boom and cause, perhaps, absolute declines in enrollment 

Nationally, the "baby bust" is predicted to reduce the\jiuFrtDer of 18-21 year- 

\ 

olds from its current post-war peak of almost 17 million, to a low in the 1990' 

n 

of less than 13 million.'' Michigan's experience will mirror this trend, and 



^Stephan P. Dresch, "Demography, Technology, and Higher Education: 
Toward a Formal Model of Education Adaption" Journal of Political Economy, 
Vol. 83, No. 3, (June, 1975). ... 

^^Many of these studies are summarized in J. M. Campbell, Jr. and T. P. 
Curtis, "Graduate Education and Private Rates of -Return: A Review of Theory 
and Empiricism" Economic Inquiry , Vol. 13, No. 1. (March, 1975). 

^^U. S. Bureau of the Census, Current Population J^eports , Series P-25, 
No. 704, (July, 1977) "Projections of the Population of the United States: 
1977to 2050." 



vv\- . . ■ .- •:, ....... ^ - / • ■ - 



relative economic' cmrtiitions could res lilMn a it^pef decline if neMut-'' ' • 
migration shbufifcontiriye-. at bresent levels. • , ?^ /■ ' " . . 

The newly-legislated cessatfon pf GI bill benefits by 'l"989 Will, dramatically ' 
reduce and. then eliminate. a substantial {JooT'of subfsi di zed enroll ees. especially 
at the two-year caltege level. Of course, tHe J^k of a military draft hal , - ^ 



already eliminated the derived- demand for higher education ?or yoMg maTesV 
which fell back to pre-war levets after^ 1971 .^^ 



It is quite, unlikely that the remainder of the century will produce a- / ~ 
period of sustained economfc grcwth and Tow inflation as was experienced 
in the 1960's. "Per capita real income in Mictjigan which grew by 4.0 percent 
per year on average from 1960-69 and by 1.3 percent from 1969-19^77, is . - ♦ 
projected by this study to grow even slower on average through %he remainder ■ . 
of the century. This slower growth pattern, if realised, will most likely • 
inhibit the process of educational widening and- constrain the ability of 

government to maintain the real value of its subsidies to higher education. 

d, ■ ' 

Continued unexpectedly high rates of inflation and the spector of tax revolt ' 

- ' ^ ■ ■ " ' ■ ' 

merely increase the uncertainty concerning the,;level and real value' of 

government's direct and indirect support of hig|^er education and, thus, the 

enrollment-inducing effects tjiat have historically emanated from that jsource." ^ 

The ability of colleges to^ut costs 1n the face -of relative or absolute declines 

in public support and/or enrollment is severely hampered by. the high proportion of 

fixed labor costs at many institutions and an inability to "se^l-off" idle 



^^According to the Veterans Administration, the surge in veteran enrollment 

occurred in 1974-75 when the interwar veteran's delimiting date was passed. 

Nationally, six out of ten undergraduate veterans attended junior college in 1976, 

as compared to only three out of ten overall. 

^^See' Table 4 and" surrounding text for detailed information on age-sex 
specific participation rates. 
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plant and equipment if Excess capacity si^ould occur. Consequently, the " 

explicit price-of higher education will lik^^ be under constant upward 

pressure relative to the general level of prices. 

-In addition,, changing labor market conditions will likely- cause - - 

changes in behavior which will alter the extent of higher education partici- 

■ • ■ ' < .. ' 

patioft by- c^Ftain a^ge^sex .cohnrts. .On the positive 5ide, the now apparent 

change in tastes on the part of women from home to market work is predicted 

to cause continued increases in female Tabor force participation and, thus; 

the potential for growing participc|tion in higher education. Second, mid- 

life, career switching and career upgrading may attract larger numbers of, 

non-traditional student's than has historically been the case. 14 

On the negative side of probable changes in l(bor market conditions is 

i 

the now, apparent reversal in excess demand for coHege-'educated labor. The 
highly educated baby-boom labor market entrant of the 1970's finds himself 
at the end of the long queue of similarly-educated persons, facing competition 
•from a relatively large number of cohort companions as well. . ThiVcompeti tion 
for beginning jobs and advancement may have driven the person to higher 
education in the first place, but the consequence of this^ trend has, in 
aggr^ate, reduced the rate* of return to higher education'. Moreover, the 
delno^^^hics q^f cohort-size and consequent labor surpluses seemed to have 
made today's student more labor-market-oriented than his predecessor. He 
tends to exhibit less traditional attendance patterns and is more apt to 
switch curVv^cula or institutions or even to drop out, according to changing 

^^See F^eter A. Morrison, The Denfographic Context of Education 



Pol ic_y_ Planning , Report P-5592, Santa Monica; The Rand Corporation, 
1975, dnT^jTn.d Boren, ft. a1 . , "Second Career: An Integrated Learning 
Fxperience in Career Change for Older Persons," Industrial Gerorrtol ogy , 
Vol. 3, No. ? (Spring, 1976), for relevant material. 
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econcMliic condftions J5 ^ . * ^ 

The smaller cohorts of t+ie 1 980 's and 1990's will quite probably be 
slranar M OLftTobfc.- Nbt the Tea st of causes for tMs griefltatidn will b6 
the relatively more attractive labor market opportunities portencled by 
reduced com|)€titiott wijthin birth -cohorts associated with \;he baby biiSjtT 
These opiportunitles K^iTl be reinforced by the fact that labor market? - 
are just now concluding the prolonged task of absoltVoq, tbe baby-bq^^^^ 
the largest numbers of new entrants ever experienced. This suggests more * 
vigorous bidding for "the 'siraller cohorts of new entrants to follow,- a 
large-scale t*fepetition of the experience of the smaTl birth cohorts Of', 
the 1930' s and early 1940's. s^- . ;i 

In summary, some of the major causes of the higher education boom 
of the post-war peri,od. to date will be eliminated or reversed during the 
remainder of the century. Other contributing factors are subject to a* 
great deal, of uncertainty and, on balance, do not seem to provide any 
great promise for continued high growth in the demand- for higher education. 
In order to quantify and project the impact of likely future economic- 
demographic experience on the demand for higher education in Michigan, 
it Is necessary to develop a methodological approach to the problem, to 
gather data and quantify the mod^l thus developed and then to simulate 
that model through the end of the century^. To begin that process, the next 
section will review briefly the several possible methodologies available. 

« 

ALTERNATIVE METHQDOLOGIES 

Economics has been heavily utilized in analyses of higher education. 
Such studies fall in four broad categories, each of which will be briefly 

^^Daniel Yankelovich, The New Morality - A Profile of American Youth 
in the 197Q's , New York: McGraw-Hill, 1974. ~ ~ 
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covered below, in sequence. The first to be, discussed are rate of return 
studies. These view Kigher education as an Ijjvestment and sefek to ' - ' 
fist,1fflat6 'a ratie of return- di seated benefits and costs change*. AUhpugh , , 
useful in identifying the^opportunity costs of .college attendance and obtai n- 
ing an actual rate of, return, these -are of Tittle use in.polTpy-making 
beyond concluding that if the rate af return declines, attendee may be \ / ^ 
lower, to the extent such declines are perceived. The actUaV rate 
in such studies is also sensitive to, the «;iefinition of and the monetary value 
attached to the consumption benefits of attendance. For. example, rt is as 
difficult to decide whether or not the acquired ability to interact, in a diverse 
socio-economic, environment is consumption or investment as It is to identify 
the market value of that acquisition.* Furthermore, rate of return studies 
make the standard economic assumption of constant tastes, implying that all 
changes are due to income and price effects alone. 

The Second type of econranic study devoted to education concentrates 
on education as human capital. 17 jhe human capital approach has yie^lded 
rich results- on a variety of questions, ranging from the contribution of ' 
human capital to economic growth to the, inter-generational transmission of 
ability. Like rate-of-return studies, the human capital approach Is of 
limited use to enrollment forecasting because it concentrates on*a variety 
of effects after higher education has been acquired. 

The third and most extensive type of study is- the choice-theoretic 



l^Se'e the Campbell and Gurtis citation in footnote ten and Richard " 
,S. Eckhous, et. \al . , "An Appraisal of the Calculation of^-Rates of Return 
to Higher Education" in M. S. Gordan (ed.). Higher Education an^ the Labor 
Market , New York: McGraw-Hill, 1974. ^ 

l^See \i. Lee Hanson (ed.), Educat^n, Income, and Human Capital , 
New York: Columbia University Press for National Bureau of Economic 
Research, 1970. . » 
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or conditional logit approach J8 This approach essentially examines the 
array of choices facing a potential student, attaclies a' "utility" or benefit 
to. each choice, and then determines the fJrobabillty of attendance based on 
'the costs of each choice and student characteristics. While cotnputationalTy^ 
e?cpensive, the choice-theoreti£ approach' allows one. to examine a large ♦/ 
number of factors^ effecting enrolltrent decisions and to account for the complex 
'interactions among factors, in determining a student's probability of 
attendance. The major drawbacks of this approach, are its high cost and 

V . • ■ ■ ■ 

its timeliness. Extensive survey data are needed to estimate such models. 
Once gathered, the responses miiy be valid only for the year in question. 
Finally, probability statements are not easily transformed into operational 
models which are useful to legislators, boards of trustees and the 1 i ke . 

The fourth type of economic study Is the demand model J9 v<hich, in 
general ,^ views higher education as a commodi ty, the 'demand for^ich -is 
influenced by changes in relative prices, real income, tastes, and the 
opportunity costs of substitutes anjJ cgmpliments. Demand studies to date , 
are certainly useful 1fi demonstrating that it is instructive to tt:eat 
higher education as a commodity, applying the tools of traditional 
economic theory. They are often too aggregated to be of use to those 
planners who must operate in a state-specific or institution-specific, 
context, however. Moreover, those studies extant do not generally 
account for the interdependence among economic, demographic, and institu- 
tional variables. v . ' 



^^These studies and others are surveyed in David J. Wernschrott, 
Demand For Higher Education In the United States: A Critical Review of the 
E mpirical Literature , Report R-2195-LE, Santa Monica: The Rartd Corporation, 1977. 

^ ' 19see G. A. Jackson and G. B. Weathersby, "Individual Demand for Higher 

Education," Journal of Higher Education , Vol. XLVI, No. 16 (Nov. /Dec, 1975). 
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Jhe subject study .is a demand model which is Michigan-specific and 
presents a methodology' which is readily adaptable to other state sysl^s. 
It combines a highly disaggregated and. interactive model of state economic . 
and populartidn "dynamics with disaggregated mcJdel of the demand for hjgher 
education — byage, sex, and major type of institution. The subject study 
uses a time-series^ approach, employing data gathered for the 1960 to 1977 
peffod7""¥i't)i""tH'i?''"ap^^ 

I 

the. impact of external events such as the Vietnam War can be calibrated. 

^^^^ 

Furthermore, since^the study disaggregates demand by age and sex, the' 
changing patterns of jfenrollment among traditional and non-traditional 
cohorts can be examined and projected. Finally, the metho^dology is more 
comprehensible to policy-makers and planners, who are often not economists. 
The model can be periodically updated at relatively low- cost, and above 
all is flexible admitting a wide variety of alternative projection 
scenarios, not just those of the author. 

AK OVERVIEW OF THE STUDY 

In. order to project the demand for higher education in Michigan by age 
and sex, using a time-series approach, .it is necessary tp first be able to 
forecast the population of the state on ^the same basis. Consequently, the' 
researcher must be prepared to predict the impact of future births, deaths, 
and migration patterns on a highly disaggregated population. In demographic 
studies, it is^uite usual to simply choose aUernative birthrates and 
mortality rates and ap^ly them^'iteratively to a base-year population. 
Migration is often treated in the same manner, but such an approach is 
insensitive to the pivotal fact that migration is related, in turn, to the 
economic and social climate of the state relatiiVe to the remainder of the 
nation. Therefore, it is desirable to be able/to predict state economic- 



. demographic conditions sifnuV^ieously'i which' requires a sophisticated • 

economic model of the state. Jh^time,path of variables such a& unemployment 
ratel, labor force, real incai» and migration can have 'potential importa^it 
and iipediate influence on the demand for. higher education in a state-specific 
context, as demonstrated below. 

The starting point for this sj^y, therefore, is the comprehensive 
econMlc~i^!!nP_a!!^^!S model Michigan discussed in the next sectidn. That 



model not only yields projections of^'lmportant economic variables needed to 
erect the education model to follow, but provides the necessary annual 
population matrix, 20 disaggregat^ed b^ age, race, and sex, which allows simifafly 
differentiated treatment of the demand for higher education. Demographic 
disaggregation is critical to achieving projections which are at- least 
somewhat sensitive to the dramatically different factors effecting the 
attendance patterns of different age and sex cohorts. 

Once the resefircher has the me^ns to predict an anfiual population 
matrix as well as to estimate what it fi^ been in trte past (it is only, 
measured at. each decennial census), the study can proceed to the prediction 
oY college attendance. The initial step is to choose an appropriate measure 
of the demand for education, which will become the dependent variable in the 
demand functions to be estimated. As will be peinted out below, the choice 
of such a variable is dictated in part by the extent and quality of the data, 
available. This study will employ the participatix)n rate, which is the 
proportion of a given age-sex cohort of' potential enrol lees who choose to 
"participate"* (enroll) in formal, post-secondary education. Measured here 




rms'Of beadcount, the higher education participation rate describes the 

' ■ ■ ^ 
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^^A matrix Sfs a two-dimensional array consisting of rows and columns. In 
this case, the p|)pulation matrix has 86 rows representing ages 0 to 85 and over 
(85+), by singleiyear of age, and has four columns representing the four major 
race-sex categories (white male, white female, non-white male, non-white female). 
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extent of demand at any point in time for the particular age-sex cohort In « 
question. 

The education model , the nature of which is discussed in, the sections-^ 
that follow the economic model', seeks to explain th^ past arid present ^ 
behavior of age and sex-specific participatibn rates, uring, in part,* 
variables sourced from the economic model. Enrollment projections, therefore, 

r 

require the simultaneous projection of both the economic' and education moSels 
from the base year (1977) to the terminal year (2000) of the projections. ^ 
The final step is to multiply the projected participation rate for each age- 
sex cohort by the projected ^number of persons in each cohort, yielding a 
projection of enrollment. These enrollment projections are then sumrod to 
get aggregate state enrollment and are then disaggregated by major type of. 
institution— public four-year, public two-year, and private. 

The modeling process begins, then, with the economic-demographic model 
of Michigan; 

THE ECONOMIC MODEL 

The state economic model developed here has its antecedents in work 
by Mattila [31, 32, ,3^3] and Moor [-37] and most directly in a paper by Moor 
and Conger^l which was the pilot for this study. This section summarizes the 
theory, da^ta, and structure of the model and focuses on the economic- 
demographic projections. The formal variable definitions and the structural 
Equations for both the economic and education models are contained in Appendix A. 
Appendix B presents some additional methodological detail. 



21d. J. Conger and J. R. Moor, Jr., "The Demand for Higher Education in 
Michigan: An Economic-Demographic Synthesis," a paper presented to the 52nd 
Annual Conference of the Western Economic Association, June 21, 1977. That 
paper contains a large amount of methodological detail and a well -developed 
version of the economic-demographic model. The education model, however, was 
primitive and preliminary to the work presented here. 

t 
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The purpose of the simultaneous-^equktl on, econometric forecasting model 
of Michtgan'S- etconomy (level oped ;fai: this study Is to simulate- annual changes 
in highly disaggregated van^ables mei^ring ^nomic,:act1vity and population 
for the data period 1960 to 1977, and then. to Torecast fhose variables 
annually to the year 2000 using varying sets of assumptions concerning the 
model's exogenous variables.^^ Demographers and economtsts allkd have long 
recognized the simultaneQj4S relationship ^etwgen population and 'economic 
activity, especial ly^^C^the regional level. Employment and inctpe trends in 
local -service^^y^dustries, which generally comprise well over one-half of 
private sectefr employment and income in mature. regional economies like 
Michig^, is determined in significant part, by the growth rate of population 
anA'^of the labor force in particular! In turn, the rate of growth in popula- 
tion, including the labor force, is, critically related to changes in regional 
economic conditions, which play a central role in determinif\g gross and net 
migration patterns -- the most vol^atile component of population change- in the 
^rt~run. . ' \ 

The central task of the mfJde ling process developed here i^. to capture 
th^se simultaneous relationships in 6rder to develop more realistic and 
sensitive forecasts for the demand for higher education in. a regional 
context. Two of the major drawbacks to precedent enrollment studies have bee 



22An "exogenous" variable is one whose value at any point in time is 
determined outside the model in question and thus does not depend on the 
structure and inter-relationships within the model. On the other hand, an 
"endogenous" variable is one whose value at any given point in time is deter- 
mined by and within the model structure. 



23"Lbcal -service" is used here to classify industries in a regionail 




which produce intangible benefits rather than goods. , 
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the jicceptanc^ of fi^tt«rna|3y-^enerated, purely trend-demographic .extrapolations 

of population and'very limited Interaction with simultaneously-deterniined 

economic variables. Trend-demographic studies employ^ assumptions about migra- 

■ • ■■ ■ ' ■ ' - -* ' 

ttop VhiGh are generally highly aggregated ar^ based on a simple adaptation , 

of IntercensaV net migration. They do not recognize or only pay lip-iservice . 

to tKf two-way links among regional. ecomMnic activity^, migration, and the 

labor force. ' ' T ^ 

' -, : \ • - ■ • 

Regional modeling often leads immediately to a "cart-before-the-horse" 
dilemma, that is, the existence of and access to region-specific data 
dictates the model structure rather than the converse. Jn this case, although 
the'data bas^-tjook over two years to gather, the availability of a reasonably 
long time-series of employment and wage and salary data by industry for 
Michigan and the lack of any semblance of regional income accounts other "ttiaji^i^ 
the Department of Commerce's personal income estimates' strongly suggested C ^ 
disaggregating the Michigan economy by industry. The economic d(Mni nance of 
the motor vehicle industry and its primary suppliers made the choice of 
industrial disaggregation a particularly easy one in t|ie case of Michigan. 

The economic data base consists primarily of wage and salary employment 
by industry, regional income by industry of origin, and the U. S. value of% 
shipments for Michigan's export industries. 24 All industry data is at the 
twcT-digit or three-digit (SIC) level. Agricultural employment, self-eftiployment 
(including domestics), and mining employment, which represent hut ^even 
percent of Michigan's total employment in 1977, are projected exogenously, as * 
a slightly declining proportion of wage and salary employment, reflecting 
the steady but /nore precipitous decline in their relative numbers through 
the data period. Income and value of shipments are measured in real 1972 



2^The primary sources for this data are the Michigan Employment Security 
Commission and the U. S. Department of Commerce. 



dollars, deflated largely by congruently-defined wholesale price' indices by 
industry. Another important variable is a ratio used to capture changes in . • 
relative fuel pricfes over tin«, consisting "of the wholesale price index for 
fuel ja'roducts (including coal , electric power, gas fuels, and refined petro-. 
leum products) divided by an .inde)#^of all prices — the GNP deflator.^S Some 
details on the definitions and estimation of data are contained; in Appendices 

« 

A "and B. * * • V" . 

The demographic data base consists of annual matrices (86 x of 
the age-, sex-, and race-specific resident population |)f Michigan at mid-year 
(duly 1), aS»H^l estimates of civilian labor force, fertility and mortality .. ^ 
statistics, and annual estimates of net migrartion flow^orN^4|e5 and non- 
whites.' Much :-of this data was estimated using a* complex simulation Voutine 
iterativety from .1950 to 1977, based. on primary data gathered from th^ U. S, 
Bureau of Census, U. S. [department- of Labor, MESC, and the Michigan Department 
of public Health. For each year of the simulation, the population matrix was 
also adjusted from a resident to a civilian,, non-institutional basis for use 
iiTjthe labor force s^ub routine and the edtrcation model. The n^thodology employed 
ir> t}iis' simulation routine and its performance are discussed in greater 
detail In Appendix B. * ' , ' . 

It is the availability of annual estimates of highly disaggregated compo- 
nents q/' po'pulation change, as provided by the simulation, which in part 

differentiates this research from precedent enrollment studies. In turn, this 

> , 

detailed data allows the author to attempt to capture the simultaneous rela- 

• ' ' V • 

lionship between economic and demographlc^variables and to make estimates of 
iemogVaphiflBny- disaggregated participation rates for higher education. 



, \^ This ratio' was calculated such that its base year is 1973, the initial 
year o^f Vi^ so-called "energy problem" (i.e., 1973=l/)0). Its value Irt 1977 
fs 169^^^1ecting the dramatically greater rise in^e'nergy prices relative " 
to" qth^ price's experienced from 1973 to 1977. 



The structural form of the ^economic model is based in part on the ; 

export-base logic, which emphasizes the identification of export industries 

in a region and their economic relatio/iship with the local-service industries. 

The external demand for the" region' s exports is seen as a prime-mover for 

the rate of regional economic growth. This approach is dictated, in the 

most practical sense, by the data constraint noted fbove — there are simply- ' 

no- input-output Studies nor any detaileil set of regional economic accounts 

♦available* for Michigan. .The co?t and time invd|ved in gathering such data 

are prohtbitive. In theoretical support of the^^)^port-base logic, the 

Michigan economy i.s perhaps the archetypical example of a regional economy 

dominated by a single industry — the automobile industry. While Michigan 

represents an extreme, many other states have industry mixes wilich are 

dominated by one or a few large itidustries. 

In any case,-*export industries sell the predominant (iortion of their 

\ 

output beyond the regional boundaries arfd thus are highly sensijtive to 
fluctuations in exterQal deirfein^. Export industries, of tgn have significant 
backward l inkages with "other industries included in the export sectoij. 
Consequently, not only are they direct exporters of their own product, bdt they 
also sell -a significant amount of their''output to other export industries as 
input to further production processes. ^6 Moreover, ext^nally-sourced 



' 26jhe choice of industries -whic)j comprise the export sector of the 
mqdel was based on analysis of employment and incgme-based location quo- 
tients, input-output coefficients from U. S. Department of Commerce, 
The Input-Output Structure of the'U. S. .Econojpy: }967 and T972 , and data 
■from various Censuses and Surveys of Manufacturers and Transportation . 
Those Michigan industries which are signHicant net exporters -include motor 
vehicles, jr^mary metals, fabricated metals, machinery, rubber, chemicals, 
and furniture." '-Of these, all but furniture have significant input-output 
relationships with the motor vehicle industry, as well as antong eac^ other. 
' The remaining industries arai'lassif ied in the local-service sector, 
although by no means does their activity (especially the other manufacturing 
industries) preclude the export of some output. 



growth in demand for export products genei^ates^growth in demand for locally- 
produced goods, as external demand translates into local income and spending 
and thus into local-service employment, in the familiar multiplier procB^s. 

An export-base model-need not tgnQre_the very, signifjcjnt impetus for . , 

regional/ growth that is generated internally, howevek Local -ser'^ice 
industries' satisfy each other^s sigftificant4iemands for locally-produced. , 
goods, especially in a mature region like Michigan, as well as re spoiling 
to the demands of a rhanging resident population, . The rate of growth of , 

« 

the regional labor force, migraf'ion patterns, and the rate of growth of new 
household formation are all inter-dependent and simultaneously related to 
income and employment in the local-servtce s^ctor. " 

The structural equations reproducecTin Appendix A, Table. A-2, «ire ^ 
designed to capture the complex and inter-linked economic-demographic 
relationships summarized above. Variable abbreviations and definitions 
(Table A-1) precede the structural equations. The equations can be- roughly 
divided into three categories — incon^ {YMV, etc.), employment (EMV, etc.), 
and demographic. The income' variables measure regional income produced by 
each industry and are an output proxy. Consequently, the industry-specific 
income equations (1 through 20) are designed to calibrate the previously 
described economic interrelationships among^ industries. The export 
equations (1 through 8) include exogenous U. S. value, of shipments variables 
(SHxxx) which measure the time path of external demand for Michigan's exports 
The local-service and government income equations (9 through 20) include 
the regional labor force (FORCE) as a variable. It serves as a proxy for 
demand due to demographic change, approximating the number of earners and 
thus, the number of 1 ocal -spenders who are the decision-makers in regional' 
households. 



The relative fuel price variable (RFUEl) appears extensively in the 
export equations as well as in the equations of other manufacturing and 
construction industries. These industries tend to employ high proportions 
of capital relative to labor afjid tend to be energy-intensive. If fuel 
prices rise faster than other prices, a larger portion of the dollar value 
of demand for the products of energy- intensive industries is lost to the 
region, since Michigan is a significant net importer of energy. The 
dramatic rise in relative energy prices since 1973 and the probabT^ contlnua 
tion of this phenomenon thcough the end of the century requires inclusion of 
such an exogenous variable. . , 

Table A-2 also details the industry-specific employinj^^uations 
(21 through 40) which capture the relationship between regional employfiwrii 
arn^ industry output (income). The demographic equation's (41 through 49) 
calculate migration,, population, labor force, and the regional unemployment 
rate. A large number of the highly disaggregated (by age,- race, sex) 
calculations are accomplished by several subroutines which are derivecl from 
the 1960-1977 population simulation and are described ih more detail below 
and in Appendix B. Of particular importance, however, are the white and 
non-white net migration equations (41 and 42), which close the simultaneous 
relationship between regional income, employment, and demographic conditions 
within the model. In those equations, the relative unemployment rate (RUNR) 
variable captures the extent to 'which Michigan's labor market conditions 
are better or worse than the national average a factor which tends to 
either pull people toward or away from Michigan. The value of RUNR depends 
jointl/ on the exogenously-detemiined national unemployment rate and the 
endogenously-determined regional unemployment rate. The latter, in turn, 
reflects the differejice between the regional labor force and aggregate 

I ' 19 



emplQyment. Since 1 abor force depends , . i d part./Oii migration patterns and 

* ■ . ... . ^, . ■ , ■ 

employment depends on the economic relationships among regional industries, 
the labor force, and external demand for exports, the simultaniety that 
exists in. the real world is approximated in 'the model .^7 

The remaining equations in the demogVaphic sector represent the 
internal cfimputation of critical demographic variables — the resident 
population, the civilian labor force, and the regional unemployment rate. 
Again, much- of the age-, race-, and sex-specific disaggregation Is accom- 
plished in, a subroutine similar to the 1960-77 population simulation 
previously mentioned* and covered in more detail in App'epdix B. That 
subroutine includes (1) the use of Michigan-specific birthrates and 
mortality rates to compute the annual change) in resident populatiPn due to 
natural increase alone (NATINC), (2) the estimation of Annual, fge-, race-, and 
sex-specific gross migration flows based orr-ef|do^nously-determined net- 
migration, yielding a new resident population matrix adjusted^ for births, 
deaths, and migration, (3) the annual estimation of a 'civilian, non- 
institutional population matrixr artd (4) the annual computation of the 
civilian labor force using national labor force participation rates adjusted 
for Michigan/U. S. differentials determined frc3^ Census data. 

The structural coefficients reported in Table A-2 were estimated 

, 1- — ft * 

^^The migration equations also include several additional endogenous 
variables which further capture critical economic-demographic linkages. The . 
lagged change in labor force variable (LOLF) measures the extent of increases 
in labor supply, which in and of itself tends to "push" people from the 
region. Lagged per capita income (LPCY) represents an cittractive force in 
the non-white equation and the lagged non-white proportion of the population 
(LNWP) represents the negative "crowding" effect associated with ghettoiza- 
tion and relatively higher rates of non-white unemployment. RIOT and STONC 
are exogenous variables, representing the impact of the 1967-68 Detroit 
riots and the "beaten path" effect of the well- dot umen ted south-to-north 
black migration of the 1950's and I960' s* They are not operative in the 
projection period. 
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using two-state-least-squares, except in those equatioi^s already in reduced- 
form. The estimation used seventeen or eighteen observations depending on 
the presence or absence of lagged regressors or instruments. Durbin-Watson 
statistics (not reported) indicated no significant autocorrelation in most 
equations. A Hildrith-Lu scanning technique, assuming a first-order aubo:^ 
regressive scheme, was used in an attempted "fix" for those regressors with 
significant autocorrelation^. . In general, the highly volatile export sector 
tracked less satisfactorily than the local -service sector. Standard errors 
in the Income equations range from four to seven percent for export industries 
from two to five percent for local-service industries. Standard errors in 
the employment equations range from two to five percent for export, and one 
to five percent for local-service. The average standar(^ error was 4.4 percent 

« 

for income equations and 3.4 percent for employment equations through the data 
period. 

The next section summarizes the projections derived from the Michigan 
economic model . ( 

, ECONOMIC-DEMOGRAPHIC PROJECTIONS 

In order to project the economic model's endogenous income, employment, 
and demographic variables from 1977 to 2000-, i\ is necessary to convert the 
model's structural coefficients to reduced- fprm, modify the population 
simulation routine to utilize birthrate and mortality rate projections rather 
than actual data, and to specify alternative sets of projection assumptions 
for the model's exogenous variables. Before presenting these alternative 
assumptions and the projection values which result from them, it is imperative 
to define the general nature of these forecasts. The projection results 
summarized below, from either the economic or the education model, are 
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forecasts of the long-term trend28 for each variable in question and do not 
purport to predict short-rim cyclical swings in the Michigan jecononiy c^r in 
higher education 6h roll mfent. Consequently, even if the assumptions contained 
in any particular projection scenario were to come true, one would expect the 
observed future values of the endogenous^riables to fluctuate randomly 
about the projection path reported below./ Moreover, long-run secular fore- 
casts become less reliable the further one moves from the base year (1977), ^ 
because of the increasing likelihood that _the ecpnomic-denragraphic structure 
of the region will undergo change over time. In this regard, however, 
significant changes in industrial mix, in.ter- industry relationships and' 
population dynamics terid to occur slowly; especially in industrially-mature 
regions like Michigan. The strength of ihe methodology employed here is 
that each passing year provides another data point which will capture the 
subtle changes in economic strul:tures which occur over time. Additionally ^ 
the model is designed to accept a wide range of assumptions regarding the 
model's exogenous variables and thus offers flexibility to the planner or 
policy-maker. ■ . , * 

, Table 1 presents historical values and the author's choices_.of alterna- 

m 

\ ^ • 

•tive projection assumptions for the economic model's exogenous variables. 

Except for labor force participation rates and mortality rates, 29 each 



' 28The forecasts are not, to be confused with trend projections, i.-e., 
some method which merely extends or extrapolates the trend of the 1960's 
and 1970's. Such methods, common to many demographic studies, do , not require 
a well-specified underlying theory or a causal model, but rather forecast a 
given variable based on its own past performance and, perhaps, some casual 
assumptions about conditions which will impact that variable in the future. 

29civ1lian labor force participation rates by age and "sex wey projected 
based on forecasts found in U. S. Department of Labor, Monthly Lapor Rev^ew -- 
N. N. Fullerton, Jr. and P. 0. Haim, "New Labor Force Project! onf to 1990," 
December, 1976, pp. 3-13, and R. W. Bendnerzik and D. rKlein, "Labor Force 
Trends: A Synthesis and Analysis," October, 19^7, pp. 3-15. Mortality rates 
were derived from life tables published by the Michigan Department of Public 
' Health and adjusted through the projection period by change factors used by the 
U. S. Department of Commerce, Current Population Reports , Series P-25, No. 704. 
•Troject1ft)S of the Population of the United States: T977 to 2050." (July, 1977) 
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exogenous variable Is assigned three values, characterized and labeled as 
"high," "medium," or "low", in the author's opinion, these alternative v^alues 
describe a range of projections which are most- likely to contain the fiJture - 
time path for Michigan's econoiny. The e|{ogenous variables afre {!) the 
aggregate U.' S. rate of ecqnqinlc growth ^(reMl GNP) arid associated aggregate 
unemployment rate, (2) D. S. value of shipments TOr Michigan's export industries, 
(3) relative'fuel Vrice changes, and (4) Michigan's fertility rates by age of 
mother. 

The medium values for the national economic variables are derived from 
Commerce and Labor Department sources. The hig^j and Iciw values represent 
a range about the medium values based on those xiata sources, past experience 
and the author's judgement. Post-1985 growth rates* are the same or slightly 
lower than, p,re- 1985 growth rates, reflecting an exp^ed slowdown in the 
formation of new households and continued smaller promjctivlty gains ^ coupled 
with increasing relative fuel prices. The medium assumptions are 3.5 percent ^ , 
average annual^j^tft of real growth to 1985 and 3.0 percent from 1986 to 2000, 
a trend unemployment rate of 5.5 percent, and ^ rise in relative fuel prices 
averaging one percent per year to 1985 and two percent per year thereafter. 
The medium birthrate assumption holds non-white fertility at its 1977 level 



30in particular, the author consulted U. S. Department of Commerce, 
Indu*;trial Outlook - 1978 and Area Economic Projections 1990 , (Bureau of 
Economic Analysis), 1974; U. S. Department- of Labor, The Structure of the 
U. S. Economy to 1985 , Bulletin 1831, 1975, and several articles in. the 
.Monthly Labor Review --C. T. Bowman and T. H. Morlan, "Revised Projections 
of the U. S. Economy to 1980 and 1985," March, 1976, pp. 9-21; T. J. Mooney 
and J. H. Tschetter, "Revised Industry Projections to 1985," November, 1975, 
pp. 3-22,, and R. E. Kutscher, et. al., "The Productivity Slowdown and Outlook 
to 1985," May, 1977, pp. 3-8; and the 1978 Economic Rfeport of the President . 

3lThis would cause the relative fuel price index, which rose from tOO to 
169 (69 percent in four years) during the 1973-77 experience to rise to 183 
by ^1985 and to 246 by the year 2000. (46 percent in 23 years; see Table 1). 
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TABU i 

HISTORICAL DATA AMD PROJECTION ASSUHPTIONS FOR EXOGENOUS VARIABLES 
- . - ECOHOHIC HOOEL - 



^Projection 
Aitutnptlons 



Avcraof ^nuat Growth Rat 



RftUtiv* 





Re«l GNP 


Motor 


F«brlc4Ltttd 


Prifliary 










Fu#1/.4 
Prlc.^**' 


ACTUAL 




VehiclM 


Hatals 


... M«tali 


Ch«nlc«1t 


RublHir 


Furnltur* 




1960-1977 


1.036 


1.0S1 


1.029 


1.020 

/ 

1.043 


1.050 


1.063 


1.043 




1.025 


1960-1969 


^ 1.0^13 


1.057. 


1.058 


1.071 


1.078 


UO6O . 




(1.020} 


136?- 1977 


1.032 


1.045 


<1.0O6) 


(1.002) 


i.ois 


1.046 


1.024 




1.079 


1963-1969 


1.045 


1.051 


1.065 


1.046 


1.069 


1.077 


1.064 




(1.024) 


1973-1977 


1.020 


1.024 


(1.037) 


(1.014) 


(1.035) 


i.b<^ 


0.023) 




1»139' 
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High 


1.045 


1.030 


1.045 


1.035 


1.050 


U050 


1.050 


1.010 


Hedium 


1.035 


r.o2o 


1.035 


1.025 


1.040 


l.OliO 


1.040 


i.oip 


Low 


1.025 


1.015 


1.025 


1.015 


1.030 


1.030 , 


1.030 


1.010 


1986-2000 
High 


1.04O 


1.020 


1.035 


1.025 


1.040 


1.040 


1.040 


1.030 


Httdlum 


1.030 


1.015 


1.030 


1.020 


i.030 


1.030 


1.030 


1.020 


Low 


1.020 


1.010 


1.025" 


I.O15 


1.030 


1.030 


1.030 ' 


1.010 


Comparfson 
Project lons^*^) 




• 














Commerce (7 7-83) 


'1.035 


1.020 


1.040 


1.025 

* 


1.050 


1.051 


1.041 


n/« 


Labor (80-85) 


1.036 

1 

* 


1.013 


1.032 

4 


1.022 


•I.O'jO , 


1.038 


1.037 


n/m 

1 
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TABU 1 (CONTIHOEO) 
HIS^TOKiCAL MTA AND flUMECTION ASSUWTiGNS FOR EXOCENOUS VARIABLES 

ECONOHIC MODEL - 





Computed ^Fftftntty 


Fuel Pflct*^ 


U.S. 
UfiMployMnt 


CIvUfan % 
Labor Fore* 
FartielMtfon Ratc^ ' 


Actual 


White 




(1971 « ^IkO) 


Hat* 




FsMla 


I960 


t 7Q 




110 




e^ V 


37.7 . 


1965 




#•13 


102 




SO. 7 




1970 








& 7 


79.7 


43.3. 


197S 


1 ■ iNa. 


5 If 




ft c 


77.9 


46.3 


1977 




A* «7 


16Q 




77.7 




Average 






t12 








1960-1977 






5.4 


80.0 


42.1 


1960-1969 






102 


4.8 


81.2 


40,0 


1970-1977 






121 


6.J 


78.6 


45.4 


• * 

ProJ«ctlon 

Assun^ptlortf 














1985 - High 


1.92* 


2.45 


198 


4.5 






Medium 


1.92* 


2.25 


183 


5.5 


78.3 


J 51.1 


- Low 


1.67 


2.20 


169 ^ 


' ' 6.5 




2000 - High 


2.50 


2.90 


308 . 


4.5 






* Medium 


2.10 


2.25 


246 


5.5 


76.8 


55.1 


- Low 


1.67 


2.10 


196 


6.5 







HfcHlgan 
IfMaployMtat 
Rata 

6.7 

J.9 

4.9 

12.5 - 
8.2 



6.6 

5.4^ 
8.1 



4.7 
6.J 
7.8 
4.6 
7.0 
9.5 



MaRio: /»» 
En^oganoui Vafl ablep ^" 



Ralatlva 
l^amp loyoMit 
Rata • 

B7 
137 
f47 
117 



119 
112 
127 



104 
114 
120 
102 
128 
146 



Births 

(OOP) 

195 
166 
Ml 
134 
138 



162 
174 
145 



168 
U6 
147 
197 
163 
132 



37 



38 



TABLE 1 
FOOTNOTES 



(a) u. S. Department of Comnerce data for twQ-#ig1t SIC industry categofles, deflated by 
equivalent wholesale price li^dex adjustiSti to a 1972 base. . * ) 

(b) Ratio of the wholesale price; index for fuels, related products and power, (includes 
coal, electricity, gas fuels and refined petrolewn products), to the GNP deflator, adjusted 
to a 1967 base, such that 1967-100 and, coincidentl^, 1973*100. ^ . 

(^^U. S. Department of CcMnfrce-, Industrial Outlook, 1978 average of four-digit * / 
industry estimates reported, wei gh ted by 1 977 val ue Sh 1 fHijents 

U. S. Department of Ubor, "Revised Ijndus try Projectl^arjs, to 1985," HOnthJy labor Review , 
Nov. 1976 — Average of 1980-85 growth rate projection for najor industry sub-groups weighted 
by 1977 value of shipments. ' / . • 

(£^)H1storical rates are;*weighted averages of age-, race-, and sex-specific rates based oi 
Michigan Department of Public Health data, and 1960-77^px)pulation simulation. The projection 
assumptions converge to the values indicated, (or reraaiiri constant as the case may be) except 
for those designated by an asterisk (*), which converge to 2.10 in 199^^ - • 

(e)c ivilian labor force as a percent of the civil ian noninstitutional pppulation, age 
16 and over. Projection values are averages of age and sex-specffic rate projections, 
weighted by the medium growth population projection. 

projection values' of these variables are determined within the model, not by 
assumption. Births are based on the medium growth population projection, with varying 
birthrate assumptions. 



(a 2.25 completed fertility rate) while allowing white rates to converge 

.upward to the replacement rate (?.10) by 1990. The comb1nat4on of these 

medium assumptions concerning national economic variables and Michigan 

birthrates is hereafter referred to as the "benchmark" projection assumptions 

, . ' ' • ' ■ ' ' ' , '■ 

and provide a conjpari son base, for; other projections, which allow one or 

more of the projection assumptions to var^. ' . 

Table 2 presents projection values for key economic and demographic -^ 

variables at fiv^-jifear intervals frow-4ftS0*-1^2OOO^" employment, resident 

population, regional income, per capita incotne^ birihs, employnrent/population 

ratio,^ labor force, relative unemployment raJ^ir'TrTTtf net migration. The 

first three col^jmns compare the different projection yalues associated with 

the high, medium, and low national growth assumptions, holding relative fuel 

prices and birthrates constant at their medium values. Column two is the 

so-called benchmark projection. The next four columns hold the medium 

national economic growth 'assumptions constant, but a^llow the birthrate and 

relative fwel price assumptions to change. It ca^4)e seen that different 

birthrates cause significant demographic change but have rislatiyely 'small 

^fects on the economic variables, since the aggregate economic impact of 

higher or lower birthrates is delayed for fifteen to twenty years after ^irth 

Higher of lower rates of increase in relative f^uel pr.ices have important 

impacts ~o<i,^l variables, but not as large as higher or lower rates of 

economic growth. In the last column of Table 2, when the low economic growth 

assumption is combined with low births and high relative fuelprices, zero 

population growth (ZPG) occurs by 1993, with Michigan's population peaking 

at abou^9.7 million, as compared to 9.1 million today. 

• In sujlijfy, Michigan's population in the year 2000 is projected to range 

' ■ , *\ 

■ , ...27 
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TABLE 2 * 
MJCHIOAM EqONC^rC PROJECTIONS THROUGH 2000 



CP 



Total 
Empldyment 
' (000) 

1977 
1980 
1985 
1990 
1995 
2000 



Change ' 
CAGRV<^> 



' Populatlon(OOO) 

1977 
1980 
1985 
1990 
1995 
2000*^ 



Change 
CA6R^<^'^ 



(d) 



Total Income 
(Billions of 1972 $) 



1977 
1980 

1985 
1990 
1995 
2000 



41 



Alternative Econoni|gj 



^tedIu{D Economtc Growth 



(a) 



High 


Medium* 


Low 




5HUU « 




3656 


3630 


3604 


fa AAA 






4296 


4117 


3965 


^573 


4289 


4061 


4889 


447§ 


"4156 


U89 


1075 


756 


1.016 


1.012 


1.009 








9129 


9129 


9129 


928^1 


9281 


9277 


965^* 


9600 


95§3 


10230 


.^026 


9879 


10799 


10390 


10099 


11318 


10659 


• 10190 


2189 


1530 . 


1061 


1.009 


1.007.^ 


1.005 



Wlgh - 


Low 


High 


Births 


Di rtns 


rue 1 


i 

3^00 


. 3400 


• 3400 


♦ 3030 






3902 


3902 


3902 


til? 


4ll6 


4147 


4289 


4286 


4375 


4471 


4466 


4639 


10J1 


1066 


1239 


1.012 


1.012 


1.014 ^ 








9129. 


9129 


9129 


9282 


9268 


9281 


9608 


9520 


9600 


10004 


98fO 


10043 


10463 


10005 


10501 


10854 


10203 , 


10920 


1725 


1074 


1791 


1.008 ' 


1.005 


1.008 




890 

1.010 



9129 
9281 
9600 

10006 

10233 
10368 

1239 
1 .006 



Change 
CAGRVc) 



$^♦9.8 

5Se§- 

6f.5. 
6B . 3 . 

73.9 
80. A 


$49.8 
, 54.7 
60.0 
64.0 
67.5 
71.3 


V $49.8 ; 

54.0 
. 57.6 
60.4 ' 
^ 62.3 
64:2 


$49.8 ^ 

•54.7 
60.0 
64.0 

. 167.5 
'71.2 


$49.8 

54.7 

60.0 

64.0 

67.5' 

71.1 


$49.8 
- 54.7 

60.0 
64.6 
69.0 
74.2 


•$^»9.8 
54.7 
60.0 
63.4 
65.8 
68.0 


,$30.6 
1.021 


$^1.5 
' 1.016 


1.011 


$21. 4 
1.016 


$21*3 

r.oi6:. 


$24.4 
1.017 


$18.2 
I.ai4 



ZPG 

Assumptions^ 

3400 
3604 
3810 
3934 
' 3970 
3965 

565 
1.007 



9129 
9264 
9472 
9657 
9651 
9473. 

344 
1.002 



$49.8 
5^.0 

' 57.6 
59.8 
60.6 
60.8 

$11.0 
1 .009 



• TABLE 1 

MICHIGAN EQONOMIt PROJECTIONS THROUGH 2000 (Continued) 



Labor Force 
(000> 



1977 

1980 

1985' 

1990 

1995 

2000 



Chenae. 
CAGR^c) 



Relative 



Unemployfnent Ratd 



(e) 



1977 
1980 

1985 • 
1990 
1995 
2000 

Net Migration 
(OOP) 

^ 1977 
1980 
1985 
1990 
1995 

zooo 



(f) 



Alternative £conoml|v 
Growth Assumptions^ 
High Medium* ^ Low 



Medium Economic, Growth 



(a) 



4096 
429? 
4565 
4865 
5130 
5443. 

1347 
1.012 



127 
121 
110 
97 
97 
100 



33 
23 
1 

27 
28 
24 



4096 

4296" 

4540 

4767 

4929 

5115 



4096 
4294 
4517 
469^ 
4786 
4882 



High 
Births 

4096 

"^""4296 
4540 

4765 
4926 
5112 



Low 
Births 

4096 

4296- 

4540 

4763 

4920 

S080 



High 
Fuel ^ 

4096 
4296 
4540 
4/76 
4984 
5245 



1019 


. ^ 786 


ioi6 


984 


, M49 


1.010 


i 1.008 


1.010 


1.009 


. 1.011 


• 12f^ 


^127 


✓ 

127 


127 


127 


122 


124 


122 


122 


122 


117 


• 122 


117 


117 


117 


115 


127 


115 


114 


111 


119 


135 


119 


117 


107 


125 i 


142 


125 

V)) 


120 


108 


- 33 


- 33 - 


- 33 


- 33 


- 33 


- 23 


- 23 


- 23 


- 23 


- 23 


- 9 


- 16 


- 9 


- 9 • 


9 


. 2 


- 14 


4 


5 


8 


- 3 


- 25 


- 4 


- 1 


15 


- 11 


- 36 . 


- 15 


- 5 


14 



Low 
Fuel 

4096 
4296 
4540 

4757' 

4871 

4917 

821 
1.008 



C 



127 
t17 

119. 
132 

144 



- 33 

- 23 

- 9 

V 1 

- 19 

- 41 



ZPG 

Assumptions 



(b) 



.4096 
4294 • 
4516 
4684 
4724 
4710 . 

. 614 

i:<id6 



127 
124 
12f2 
130 
145 
157 



33 
23 
18 

V 

65^ 



J 



43 
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Per Capita 
jncome 
(1972 $) 

1 977 
1980 

1985 
1990 
1895 
2000 

Change. 



TABLE 2 

MICHIGAN ECONOMIC PROJECTIONS THROUGH 2000 (Continued) 



High 

$5^52 

5979 
6^78 

6673 
7101 



yl676 
1.012 



Alternative Econo(iil|\ 
Growth Assumpxlons _ 



$5^52 
5898 
6248 
6385 
6496 
6688 

1263 
1.009 



$5452 
5818 

6029 
6110 
6164 
6296 

871 
1.006 



Medium Economic Growth 



(a) 



n 19*' 


, L.Wff 


HI ah 

111 ^1 1 


Low 


!|rt|»s 


Births 


Fuel 


Fuel 


§54|2^ 


$5452 


t5452 


-$5^2 


5897 ^ 


5906 


5898 


5898 


6243 


6302 


6248 


6248 


6371 


6520 


6432 


6337 


6446 


6720 


. 6576 


6408 


6562 


6973 


6792 


6561. 


1137 


15W 


1367 


1136 


1.008 


1.011 


K010 


1.008 



ZPG 
Assumptions 



(b) 



^5452 
5826 
6081 
6190 
6281 
6419 

994 
1.007 



o 



Births (000) 

1977. 
1980 
V t985 
1990 
1995 
2000 



138 
149 
167 
180 

177 
176 



138 
149 
166 
177 
169 
163 



158 
149 
165 
174 

. 163 
154 



138 
150 
T68 
180 
187 
197 



138 

142 

147^ 

145 
138 
1^2 



138 
149 
166 
176 
171 
169 



138 
149 
166 
176 
167 
158 



138 
143 
146 
142 
132 
121 



Employment/ 
Populat Ion 
Ratio 

1977 
198O 

1985 
1990 
1995 
2000 





* 




.3/ 


.37 


.37 


.39 


.39 


.39 


.41 


.41 


.40 


.42 


.41 


.40 


.42 


.41 


.40 


.43 


.42 


.41 



.37 


.37 


.37 


.37 


.39 


.39 


.39 


.39 




.41 


.41 


.41 


.41 


.42 


.41 


,41 


.41 


.43 


.42 


.41 


.41 


.44 


.42 


.41 



.37' 

.39 

.40 

.41 

.41 

.42 
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. TABU 2 - * 

FOOTMOTES - ' > 

J. ' ~ 

(•> 

Un1es$ oth«rw!se noted («$ in colunvit four through seven), nwdlum birth and relative fWl (»rlce assuMPtlons ere 

used In conjunction with the economic growth asswiipt Ion indieated* 

(b) ~ „ ' ' ' 
— - T4»e-2P&^^»s«»»pti«n* (eiit-^KOftom}^ growCh, nw i>4rthaT 4wd-J>lglv r^iatlM* p»-l<ef. which together lifoduc*^ 

a population which peaks In 1^3 at 9,681,000 and falli thereafter. f~ 

(c) • 

^ Con^KHind average annual growth rate. / ^ 

(d) ' ' "' ' 

Real, aggregate Income generated by Industry of origin; not the^'exact «iulvMent of perao;paf IncoAi which la on 
a "vJhere received" rather than a 'Srfiere pi*oduced" basis, and Includes the net effect of go^erranent transfers anong other 
adjustments. 

{c) ' - - « 

The ratio of Michigan /U.S. aggregate uneojploywent rates, muitlplled by TOO. 

Five year average of net migration, up to and Including the year In question. 
*Thls Is the so-called benchnark projection (based oo isedlum ecoodnlc growth, medlun births, nediMm fuel assumptions) 



from as high as 11". 3 million under the quite favorable (and unlikely) high 
etonortic growth assumptions, to about 10.6 milVion in the benchmark projectlorr^ 
and about 10,2 million under less favorable economic or fertility assumptions. 
The major reason for population variation i^he cumulative effect of net 
migration patterns, which change from negative to positive under the high 
economic growth assumptions, decline in size but remain negative or near 
zero under medium assumptions, and continue at recent levels under low assump- 
tions.'^^ Per capita real income grows more slowly than in the past under 
any projection scenario. The employment/population ratio is quite stable 
frm projection to projection and compares almost identically to those 
assumed by the Departir^nt of C(Mnmerc^C46]' in its most recent regional 
projections. 33 The piodel captures and repro(^uces the equilibrating nature 
of migration flows as they theoretically relate to imbalances between labor 
supf^ and demand in a region. Labor migrates in or out so as to maintain 
the relative unemployment rate within its historical range — about 100 to 
150, As shown in Table 1, unemployment in Mi chiga||ive raged nearly one- 
third higher than the national rate during the- 197€'s to^ate reaching 
a l^igh of 47 percent in 1975. Michigan's unemployment rate was below the 
national rate only during thie halcyon days of post-war auto b6om^--1963 to 
1966. 

Before turning to the education model, it is instructfve to look at 
th^projected numbers of non-institutional ized , civil ians who will be in 



32sfee Table B-^Z for annual estimates of white and non-white net migra- 
tion as estimated byi.the 1960-77 population simulation. From 7971 to 1977, 
Michigan experienced an average decline of over 30,000 persons per year due 
to net out-mi gralSpn. 

33a rapidly rising or falling ratio would be indicative of structural 
instability within the model, producing a, growing gap between labor supply 
and demand that could not be closed by migration flows over the long-run. 
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those^ge cohorts which demand higher education. Table 3 presents historical 
estimates and projections of the pool of potential enrol lees in higher 
education, non-institutionalized civilians from 18, to 49 years of age. Several 
important facts stand out: (1) the number of 18-21 year-olds peaked in the 
mid-1970' s and will fall steadily and significantly until the late 1990' s 
under all projection scenarios, (2) the number of 22-24 year-olds pealcs , about 
1980 and declines thereafter, and (3) the only age cohorts which grow in 
numbers after 1985 are those over 30 years of age. In this environment, to 
maintain constant enrollment, educational participation rates would have to 
, rise significantly. BaTfing increased participation by 'traditional students, 

f 

non-traditional participation would have to rise to unimaginable heights, • 
given that yie baby-boom is already the most highly-educated cohort ever to 
pass tfiWgh our population. ^ ^ 

Table 3 also points out the impact of varying economic growth assumptions 
gn the pool of potential enrollees, when birthrates and relative fuel prices 
are held constant at their medium values. Up through, 1985 there are 
relatively small differences, in the pool among the high, medium, and low 
projections. By 1990, however, there is roughly a 100,000 p^son gap 
between. each projection, which expands from 250,000 (low vs. medium) to 
350,000 (high vs. medium) by the year 2000. The growing gap reflects among 
other things the cumulative impact of different net migration patterns on 

the 18-49 year-old age group. Assuming a constant 12.5 percent aggregate 

34 

higher education participation rate for 18-49 year-olds, the headcount 
_ ^ 

34as will ^e seen below, 12.5 percent is the 1977 aggregate participation 
rate the highest ''achieved in Michigan's history and as.high or higher 
than any rate projected in this study. The aggregatie paj"ticipati on rate 
is a weighted average of the individual age-sex specVffc rates. 



33 
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TABU 3 

MICHIGAN'S POOL OF POTENTIAL ENROJLLEES IN HIGHER EDUCATION 
(Thousands of Nonlnstltutlonallzcd Civilians) 

,\ Tr aditional Cohorts Non-Trad Itlonal Cohorts 

Actual y 18-21 ' 22--2^ Subtotal ^ 2p2$ WW lES 

' — :; / 

1960 366 262 628 W 535 1520 

1965 W 311 783 ^»73 ;»69 1556 

^570 



1975 
1977 



ProJect(6d^**^ 



605 ^05 1010 589 W 1529 

694 471 tt65 72^1 * 585 r 1^»65 

700 486 1186 758 630 1458 



High- 1980 


681 


1985 


623 


1990 


616 


1995 


566 


2000 


635 


Medium- 1980 


681 


1985 


618 


1990 


599 


1995 


536 


2000 


587 


Low- 1980 


680 


1985 


614 


1990 


588 


1995 


513 


2000 


553 







502 



486 1109 858 . 799 1753 3410 45 5 

452 1068 . 844 862 2070 3776 4844 

450 1016 ^ 812 852 2340 4004 - 5020 

440 1075 786 824 2475 4085 5160 



423 
401 



502 
478 
426 
405 
374 



1183 


809 


711 


1513 


1109 


858 


799 


1753 


1068 . 


844 


862 


2070 


1016 ^ 


812 


852 


2340 


1075 


786 


824 


2475 


1183 


809 


710 


1513 


1100 


851 


794 


1745 


1036 


818 


842 


. 2038 


959 


765 


810 


2268 


988 


»717 


758 


2347 








1181 


808 


710 


1512 


1092 


844 


790 


1738 


1014 


800 


827 


2014 


918 


732 


780 


2217 


927 


668 


711 


' 2257 





Total 


Subtotal 


18-49 


2527 


3155 


Z498 


3287 


2602 


3612 


^ 2774 


3939 


2846 


4032 



3033 4216 



502 

482 

437 1036 818 842 = 2038 3698 4734 



3032 4215 
3390 4490 



3843 4S02 

3822 4dlO 

3030 42lk 

3372 4464\ 

3641 4655 

3729 '»647 

3636 4563 



^^^Derlved from 1960-1977 population simulation 

^''^bnly economic growth assumptions vary , birthrates and relative fuel price assumptions are held constant at thei 
medium projection values . >. . ' 



enrollment impact of alternative economic growth 'Assumptions is a difference 
of about 12,000 students in 1985. rising to a differential of from 30,000 
to 45,000 students by the year 2000. 

When one re5:ognizes tbe fact that ttie mix among traditional and non- 
traditional students is changing dramatically over the projection <>»ri,od, 
i^t seems highly likely that the aggregate participation rate, which is a 
weighted average, will fall during the projection period in absence of t 
significant increases in traditional participation rates. Decline will, in 
fact, be the case when we examine the projections of the education model, 
which is discussed next. 
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The purpose, of the education model is to project the demand for higher 
education in Michigan through the remainder of the century -in a time-ieries 
context. In order to do so, it is necessary to "explain" or model the 
time path of higher education demand in tt^ past, rather than merely go ^' 
through some exercise in tr^d extrapolation. This approach requires a 
theoretical model which identifies those variables which influence the - 
demand for higher education by age and sex, and the empirical estimiition 



of those causal relationships. The nature of the demand model erected in 
this study and thus the character of the projections which derive from 

t 

that model are determined, in part, by the quantity and^quality of data 
available to the tas^cl'^ As in the case of the economic model, the limflll^i^ 
data base available is a constraint on the modeling effort -- more- severe 
in the case of modeling regional education demand than for the economic 
model . 

, ^ The only consistent and sufficiently detailed data collected for the 
1960-1977 period for Michigan is fall jieadcount enrollirsnt by institution. 
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Other measures of market conditions'^ in higher education,,' such as full-time 

equlvaUnt students (FTi) and fiscal yea^^uated students^FffS) -are 

avaAble only fot* shorter periods, are not consistently defined over thos6' 

data period^, and do not have a companion data source of quality collected 

'. ' . > : 

on a n^fonal basis. It was the existence of deJjiograpHicany-detaned 

■ natiorval enrollment data collected an<} published b/ the Department of 

Commerce'^" which confirmed the use of fall headcount gnroj^lment as the , 

data base for a Michigan-specific demand variable. ^Unfortunately, no 

educational statistic, even headcount, for Michigan is disaggregated by 

age or sex of student on a time-series basis. • This fact necessitated the 

derivation of Michigan-specific age-sex participation rates for higher 

education by combining national^and regional, data. 

The task of generating afn acceptable dependent variable measuring the 

Michigan demand fo^ higher education was «jccomplished in several steps. 

First, national participation rates by^sex were computed from U. S. data 

for the following age cohorts— 16-17, 18-19, 20-21, 22-24, 25-29; 30-34, 

and 35 and over. These participation rates are formed by dividing the 



^^No't necgssarjly equilibrium conditions, since supply-side 
constraints (e.g., space, information) , and non-price ration1ng*(e.g. , 
quotas, admission standards) may not allow enrollment statistics to be 
interpreted as equilibrium values. • 'i 

■ • • • ' \ 

mbst recent of th^* series of reports based on the Current 
Papulation Survey is U. S. Department of Commerce, Current Population 
Reports. Series P-20, No. 319 (February, 1978) "School Enronment--Social 
and Economic Characteristics of Students: October, 1976." Similar 
data by age, race, sex, type of institution, student socio-economic status, 
and other characteristics is available on an annual (October)' b^asis, 
under various titles,- in the P~20 series. Enrollment figures include persons 
attending a two-year or four-year college, university, or professional 
schoQ^l (e.g., medical or law) but exclude persons attending trade school, 
business college, and enrollment which does not advance the student toward a 
recognized college' degree. 
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number b'l^October enroll ees In higher education by the ci vll ian *non- 

,v ' ^ • * ■ • ■ . 

institutional- population for each age and sex eohdrt in question. Second," ■ 
. because of the-ir. small numbers, 16-17 year-old enrol Ijnents, were" combined " .„ • 

w1thj,8-l 9 -year-olds ^ind divlde^l by the 18-19 year-old population only.. \ 
.Thus, for this stiidy, ehrpllments and the pool 'of pqientfally enrolling • ' 

population are con^ruently defined as being 18 th 49 years of age, but I 

P4i*t1cipatiorf rates- include the very sma>l number'of snrollees unjder 18 years ■ ' 
■of age. Third, because the demand functtons estimated for the 30-34 and 

35 and oVer a^e cohorts were virtually identical , a.nd iDecause these stud^ts * 

^re both clearly noiw-traclitional , those ;cohor4:s were" combined in the final - . 

- • - * . " ' •, * 

• form of the ^ludy. ' • •. 

•*• Last.. these national paVtic'ipation rates' were adjusted-by us-ing the 

«' ' ' , ■ r ■ ■ ■ 

• ratio of Michigan arid.^U. S. participation rates by age and sex derived from 
the* "19^0 and 1970 Censuses- of f^opulation, ,the only demograpttically-detailed 
source of enrollment and population data for Michigan wh+eli has a- congruently- 
deft<ied national counterpart. J+ie applicatjon of these adjustrapnt faptors 
yielded estimates of 'M1ch1gaft-»specific^partiQipation rates by age and sex 
from 196Q' to 1977.'. ■ ' • ' • , ' * 

, - , Talile 4' details these' estimates of MichigaR-spedfic higher education, 
•participation rates by age and sex fro1n 1960 to' 1977. ^veral characteristics 
-of^chigan's demand for .education^ are notable. The bulge in the participa- 

-tion.of young males during the, 1965-71 Vietnam period is obvious. Participation 
of 18-21, "yea r^old males has returned to pre-Vietnam levels since 1971. 
Female; parti ci pat ton has trended steadily upward for all age grotips 
traditional and non-traditional alike. Likewise, non-traditional male 
participation has risen over the .period, most dramatically d,uring the post^'-' • 

' • • s . ' ' ' ' 

•Vietnatp 'i^ears. , These participation rate's, then, are, the dependent variables - 
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^ TABU k . ^ 

. 'HIGHER EDUCATION PARTICIPATION RAT,ES BY AGE AKD SEX'^' 

MICHIGAN " I960 -*t97>7S. * ' 
(October HcadcoUnt as percent of Civilian rton-(nst](tut lonal Population) 





« 18- 


19^ . 




20-^21 


' <22" 


9 

■24 


25-29 






Tear 


nci 1 6 


r ciiici 1 c ' 


Haje 


Female 


Male 


F«nale 


Male 


Feinale 


-Male 


FemaU 






^ 9<i 2 


2<J 7 


12 1 \ 


15.9' ' 




'8.7 




1*6 


1.0 


laAi * 
• 1 no 1 




26.8 


31.7 


13.8 

> 


14.5 


3.5 


; 7.4 


1.1 


' 1.4 








28.7 


33.1 


14.4 


18.9 / 


3.7^ 


9.0 




• 1.6 


1,0 


1963 


to 7 


27 7 


35.7 


16.7 


'20.6 


4.2 


8.0 


2.'4 


1 .5 


1.0 ^ 








36.8 


17.8 


17.1 


4.^1 


• 8.5 . 


2V6 


1 .6 


1.1 








40.6 


18.3 


22.2 


6,2 


9^^ 7 


3.2 


1.7 


1.2 








0 


19.3 


22.7 ^ 


6.6 


10.2 


3.7 


1. 6 


1.1 . 


t oil 7 
* 190/ 






47.9 


21.9 


21.7 


6.9 


. 10.1 • 


3.4 • 




1.2 








i|Q 1 




'21.1 


7.9 


11.2 


3,3 


1.8 


V-3 


1969 
J ♦ 

1970 ^ 








23.2 


24.0 


9.0 


11.9 


4.2 


2.0 


1.5 






AA 0 


21 .6 


22.3 


.9.2* 


11.5 


4.2 


1.9 


1.4' 


V 

1071 


hi 2 


36.9 ' 


42.6 


24.9 


24.6 


8.3 


12.6 




2.6 


1.9 


1972 


^3.7 


36.6 


^♦0.5 


24.7 


22.4 


- 9.1 


13.0 


5.8 


3.1 


2.3 


1973 


40.3 


- 33.9^ 


' 37.9 


24.3 


20.2 


10.1 


12.6 


6.0 


3.1 


2.6 


197^ 


39.1 


35,5 


38.1 


24.4 


20.6 


11.2 


1*3.4 


7-5 


3.9 


3.4 


, 1975 


41.9 


38.9 


38.3 


25.7 ' 


21.3 


12.5 


13.8 


7.9 


4.6 


3.9 


' . 1976 


39.7 


39,3 


36.1 


28.5 


22.0 


^ 14.2 


13.1 


8.0 


4.0 


4. .2 - 


1977^"^ 


40.4 


; - 40.-3 


35.0 


29.1 


21. J . 


14.9 


13.5^ 


».9 




4.3 
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Average 

1960-77 
1960-64 

1965-71 
.1972-77 



44.0 
42.0 
48.2 
40.9 



33.9 
27.8 
35.2 
37.4 



39.. 7 
33.4 
45.9 
37.7 



21 .1 

iS.o 
21.3 
26.1 



20.7 

17.4 
22.7 
21.2 



8.1 
3.8 
7.7 
12.0 



11.0 

8.3 
11.0 

13.2 



^.5 
2.1, 
3.8 
7.4 



2.4 
1.5 

1.9 

3.7 



2.0 
1.0 
1.4 
3.5 



J 



t 



. TABLED 

' ' ' . FOOTNOTts . ' 

(^^B«&«d on natlonar oartlclpatlon rates as eitlfl»ted by the M.t. Bufeau of Census, Current ftopulatioo. 
Reports t^terP-aS ad urteS for ^ betweeS^fchlgan and U.S. enrol l^t P*«ern» *y age and .«c 

Sfng to 1960 and Vm censuses, and for the July-O^r Michigan population differential. 

/ ^*!Vartlclp«tlon rate confuted using 16-19 yeac-old tenrollees as numerator. 
<*^>ProJectlon based on education model r using actual 1977 val^ 
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* us€d in the educational model-jK^asuring the demand for higher education in 
Michigan by age and sex. 

'In^'order to vallate their usefulness, it remains to see if they ' » 
accurately reproduce the actual ennjllmecits experienced in Michigan fvtm.^ 
1960 to 1977. Only then.will a model derived from usijig the ^Jartiefpation . 
rates be acceptable for purposes of projecting the future. To val^fpa'te^^ 
the rates, it was necessary to multiply each Michigan participation rate 
by the appropriate estimate of civilian, non-institutional population derived 

from the 1960 to 1977 population simulation yielding enretlntent estimates 

, . ^ ■ ^ 

by age and sex. These estimates were then ^aggregated to yield an "estimate"' • 

■* 

of total fall enrollment fpr Michigan^for the *years. 1960 to 1977, which 
could then be compared to actual enrollment. 

Table 5 priesents historical enrollment patterns for Michigan for 1960 
to 1977 by major type of institution (private colleges, public four-year 
colleges and universities, and public two-year colleges). For the sake of ^ 
brevity, public four-year institutions will sometimes be called "baecalaureate" 
institutions in this study and public two-year schools will sometimes be 
called "junior colleges." In addition, the right-hand portion of Table 5 
compares Michigan ' s 'actual aggregate enrollment to that "estimated"- by using 
the dependent variable derived according to the procedure described above. 
The estimates came within 10,pOQ enrolleeis of the actual number in twelve 
of the seventeen years, and deviated. by no more than 27,000, this during 
1969 and T970 at the height of Vietnam distortions. One-half of the 
deviations were one percent or less and only the 1969 and 1970 differences 
'V7 exceeded four percent of aggregate enrollment. The average deviation was 
2.2 percent for aggregate enrollment and just over one percent for four-year 
public institutions, if 1969 and 1970 are excluded. Interestingly the 
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TABLE 5 

HISTORltAL ENROLLMENT PATTERNS MICHIGAN, tS60-1977 
(October Headcoui^t fn Thousanids) 



■ i 



-■4 



Actual Enrol I went/ (Share) 



SInailated Enrol Inieiit 



(b) 



Aggregate 
4-/~ ActtfaT 



Year 


Private 


2-yr. 


4-yr. ^ 


Total 


Aggregate 


(000) 


(000) 


Percent 




I960 


36(21) 


.27(16) 


108(63) 


115179) 


171 










1961 ^ 


- 38^(21)/ 


32(17) 


112(62) 


144(79) 


182 ' 


181 


> - 1 


* 


112 


1962 _ 




34(18) 


120(62) 


' 154(80) 


194 




. 1 


. * 


121 


1965 


41(19) 


38(19) 


129(62) 


167(81) 


208 


'205.^ 


- 3 




126 


1964 


44(19) 


46(20) 


143(61) 


189(61) 


233 


230 


- 3 


"1 * 


142" 


3?65 


48(18) 


58(22) 


-162(60) 


220 (82r 


268 : ^ 


256 


-12 




158 


1966 


49(17) 


70(24) 


176(59) 


246(83) 


^ 295 


301 


6 


2 


1821 


1967 • 


50(16) 


80(25) 


188(59) 


268(84) 


' 318 


315^ ' 


- 3 


-1 


182 


1968 


51(15) 


96(28) 


198(57) 


29^(85) 


345 


335 


-TO 


" -3 


193- 


1969 


51(14) 


115(31), 


208(55) 


323(86) 


374 


347 , 


-27 


-7 


197 


1970 


52(13) 


126(3«) 


218(55). 


344(87) 


396 


369 


-27 


-6 


203 


1971' 


^53(13) 


132(33) 


220(54) 


352(87) 


405 


404 


- 1 


* 


220 


1972 


51(12l(^ 


136(34) 


219(54) . 


355(88) ' 


406 


411 


5 


1 


218 


1973 


51(12) 


153(36) 


222(52) 


375(88) 


426 . ■ 


436 


10 


, 2 


225 


1974 


55(12) 


174(38) 


230(50) 


404(88) 


459 


460 


^ 1 


* * 


/ 230 


1975 


61(12) 


197(40) 


241(48) 


438(88) 


499 


^ 489 


-10 


-2 


2^40 


1976 


- 60(12) 


188(39) 


237(49) 


425(88) 


485 


502 


17 


3 


.2^0 


1977 


60(12) 


1^87(39) 


237(^9) 


42i4(88) 


484 


• 505 


• 21 


4 


242 



(a) Source: Michigan Department of Education. 

(b) Computed by simulating education participation rate'model from 1961-1977 and using the age-sex specific rates to 
generate enrollments for each cohort by muTtlplying the corresponding clement of the plvil lan non-inst 1 tutlonal 
populatjon- The enrol Intents were then aggregated and multiplied by the simulated private and i?^calaureate shares 

* Less than 0.5 percent. 



baccalaureate institutidrts- absorb most of the 1969 and 1970 errors but • 

4 

almost none of the er^or irt the other years — » a further indication that 
1969 and 1970 were atypical years for Mici^gan. Over the, data period, then, 
the participation rates estimated for Michigan do an acceptable job of 
reproducing Michigan's actual enrollment experience. 

^' ' ■' ■ . 

Several potential difficulties are inherent in this approach, however, 

and should be noted. First, the* enrollment variable used does not distinguish 
between firstrtime and continuing enrollees or between' full -tin« and part- 
time enrollees. flaitonal data derived from the Labor Departnient's Current 
Population Survey indicates that, in aggregate, first-year students have 
remained a relatively stable proportion of all students and of. the total - 
18-34 year-old population. This data is not available by age group, however, 
and only goes back to 1967. The s^me data source shows thaty except- for 
the non-traditional age groups, full-time stiidents as a proportion of total 
students ha remained remarkably stable from 1960-1976, with small increases- 
for young males occurring during^ the Vie^^^iam period. Students, over twenty- 
five hav#shown a tendency to increase full-time enrollments over the data 
period, although the^ proportion exhibits a^r:elatively large degree of 

A. 

variability. 

Second and' more importcint to the interpretation of the projection 
results below, is the marked change in aggregate enrollment patterns for . 
Michigan relative to the U. S. in the last two years of the data period, 
1976 and 1977. Chart 1 depicts the time path of the aggregate higher 
education participation rate from 1960 to 1977.37 jhis is the only 
parti cip^^tijan rate which allows a direct comparison between actual Michigan 



^'^The aggregate participation rate is defined as total fall enrollment 
divided by the civilian non-institiitional population, 18-49 years of age. 



data and actual U. S. data, Michigan demonstrates a steadily upwar^ trend 
in higher education participation, remarkably similar but consistently- higher 
than the national participation rate. There are only two exceptions over 
the eighteen-year period, ^e 1969-1970 bulge in Michigan's exper.ience noted 
above, and the- drama ttc decline of Michigan*^ participation to national levels 
tn 1976 and below the national rate in 1977. Using age- and sex-specific 
national rates as the starting point for deriving^ Michigan participation 
rates by age and sex, then, results in the underprediction *in 1969 and 1970, 
ancl the overprediction in 1976 afid 1977 that appear in Table 5. Unfortunately, 
these latter two years are at the end of the data per;iod. Consequently, the 

' projections will reflect an 'upward bias, especially for tWo-year colleges, ^ 
unless the decline in Michigan's participation relative to the nation in the 
last two years can be explained. Fortunately, it appears that most^ if not 
all, of the apparent 1976-77 decline in Michigan's participation relative to 

'national trends represents a change in the off jcial state definition-^of 
enrollment^? rather than a fundafi^ntal shift in demand. Consequently, 

■* 

projected eYirollments merely reflect the previous (1960-1975) definition of 
headcount and do not appear to contain any upward bias due to underlying 
behavioral factors. 

The next step in the modeling process is to find variables to explain 
the 1960'to 1977 time-path of the derived, Michigan-specific participatiorf 
rates. This requires a theoretical model of educational demand, data to. 



^^Beginning in 1976 and as a matter of policy in 1977, the ^tate of 
Michigan requires that "conmunity service" or so-called "leisure time" 
enrollment be excluded from headcount reported by two-year schools. It 
would appear that a large portion if not all of the apparent participation 
decline is due to a change in the State's official definition of headcount. 
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measure th§ explanatory variables, and empirical estimcUlon of the relation- 
ships among'those variables arid the participant ion rates. 'The theoretiq^l . 
framework for the model is the Becker approach to individual choice 
behavior, 39 which' treats the alloqation of time and goods over the life- 
cycle simultaneously, as inputs to so-called "liousehold production functions." 
Households are thought to^produce commodities by combining purc^iase? of 
market goods and time. Among^ these commodities are wo-rk (labor force 
.participation) , recreation, health, children (fertility rat^S), and education — 
both informal (on-the-job training, home study, etc.) and formal (higher 
education participation in particular). A detailed statement of this 
theoretical framework is presented in Appe^idix C. - i 

To simplify the theoretical framework, the structural model. and 
-projections of demand classify the explanatory vari-ables utilized in this 
study into five; categories. -The dfet&rminants of the demand for higher educa- 
tit)n-over time are grouped as follows: (1) the price of education relative 
,to other market" c6mmodi ties and among alternative institutions, where the 
price. of education is the sum of direct, private costs -- tuition, room, and 
board; (2) real per capita income; (3) direcfejublic subsidies to higher 
education sucti as grants, loans, and veteran's benef i ts ; ' (4) the opporfunfty 
costs of substitutes and compliments to higher education, including contemporaneous 
labor market conditions, the "taste" for future liabor force participation, 
and military service; (5) and variables such as relative educational attainment, 
or relative cohort size for different age-sex groups in society which 
directly influence the actual or perceived productivity of various household 
alternatives. Most of the exogenous variables .used in the eclucational model 
are listed by category and variable across the top of Table 6. The body of 

^ ■ — ■ — . — 

♦ 

; 3^See bibliography entries [3], [4], and [5] for primary sources. 
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^ , . ' TABLE 6 • / 

HISTORICAL 'DATA FOR EXOGENOUS VARiABLES 
• , pUCATION ' MODEL, ' . . 



(a) 



inccrme and Dfrect Subsidies 



4 



.J-.. I.,;. 

' ^*it^ . Tear » 



Oth^r isoods 
v(RPRiCE) ' 



jRielatl.v^ Prices 



' Private/- 
Put^Mc. '^-Yr 
(PTOSr 

. 1.19 
1.22 

.1.57 , 

AM' 

* . J,*40 . 



.61 
.63 



■ 'V..' W*-*^-'''-*"' ■ ''. ; • 9' .1-37. ./ ••■ 5.92 

'\^.#6^7?' t;v-'/. , ■ 5.1? 







'.(Reaf 1972 $) 




Public ■ 
^-Vr/^-Yr 
(BTOJ) ' 


J , Aggregate 
Per Capita 

■ 1 ncocne 


. Average 

Scholarship 
Award 
/ (AVCSD) 


Vetenan? ; 
Benefits 

Mils 

(MVEED) 


D , OD 

6.46. 

'6,07 
5.66 

. /'5.31 
' • 5..43. 

4 .98 


3627 
38/8 
4098 
4^10 
4659 
4529 
4861 
. • ;.>935 


Q £ 

6 

$406 ^ 

' . , 371 

. 374 " 

'397 
. 390 . . 
.396 


.$10.9 
6 8 
4.0 
2.5 

i.'o. 

0'.8 
9.2 
■ 13-5 
19.3 


V C 1 O ' 

2^ 5.17 
^ ' 5.37 
■ 5.18 . 

5.17- 
"5.1^7* 


469S 
504t 

J62a 

4464 
' 5069 
. V5452 • 


^ 395 . 

4?6 

. , 439 
417. 
440 

'439 . 

* ' * ' * , ■ 


: 50.4 
. 57.0 
72 7 
77,6. 
104.8 
115.3 
,77.0. 


. ' 5.56 


$4499 


. $317 


$^ 36.5, 


5.92' 
5.12 


.' 4186 
4891 


' 233 
42E. 


7.0 
73.4 , 



1> ^ 
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TABU 6^ ' • ' , , 
HISTORiCAL DATA FOR EXOfeEMOUS VARIABLES (Continued) 

EDUCATION MODEL 



- # 



Year 

' i960 
1961 
1962 

1963 
1964 
1965 
1966 

.1967 

->1968 

1963 

1970 
1971 
1972 

1973 
1974. 
1975 
1976 

1977 
Averages 
1960-77 

1960-69 



Relative Male 
Cohort Size 
15-iV25t3V 
(COHORT) 



Product! v1 ty Effects 



Female Educ. 
Attainment 9ap» 
25-3A/35-54 
(GAPF) 



■ Female 
Labor Force 
Partly:. Rate 

Aga 35-44' 

(FL»R44) 



Opportuntty Cdsts of Compliments Substitutes ^ ^y^ 



0l9# 


2. 5 -p.p. . 


4-3.5* 




2.7 - 


43.8 


1/15 


2.8 


44.1 


1.21 


3.2 


44.9 


1.28 


3.5 - 




1 .35 ' 


% ft 


k(% 1 

■f W ft f 






46.9 


1.41 


5.6 


4I.I 


1.40 


5.5 


,1,0 A 

*»o.9 


1 .40 


: 6.1 


49.9 








U44 


• 7.3 


51.1 


1.48 


8.4 


51.6. 








1.39 


10.7 


53.3 


1.36 


11.8 


54.7 


1.34' 


12.2 


55.8 


1.30 


" 13.0 


57.8 


1.26 


15.8 


J 59 ..6 




• 








f 


1.31 


7.2 p.p. 


49.8 


1.26 


4.0 


46.1 


1 .38 


11.1 • 


54.5 






» 


def Ini tions. 


see Table A-1 . 





Michigan 
Mllltanr 
Inductions 
000 

^induct) 

96 
60 
1$8 
74 

154.. 
103 
• 3^0 

299 
^It5 

507_ 

156 
27 

36 
0 

9 
0 

0 
0 



109 

175 
27 



^^^For detail 

Based on Department of Labor estimates for March of each year. 
rr»?/-^ot available for 1977, assumed to be Identical to 1976. 
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U.S« Unemployment Rates ^ 
High School Graduated 



All Vk>rkers 



Age 25-34 



) 



Age to+ 
(UNRT) . 


(MHUR34) 


(FHUR34)^: 


n/a 


n/a 


n/a 
n/ a 


n/a 


V. n/a 


n/a 

n/ 0 


L A 




D ,11 


, n/a 


n/a 


n/a 


,5.5 




Aft 


4.7 


9 ft 




3.7 


2.1 


3.5 


3.6 


2.3 


3.8 


3.4 


1.9 


4.4 


3.1 


1.5 • 


4.2 


4.2' 


3.0 


4.0 


5.0 


it h 








5. 1 


5.2 


3.5 


5.6 


5.3 


4.0 


5.3 


9.2 


' 9.0 


10.0 


8.1 


7.5 


8.8 




' 7.1 


8.3 


5.51 


4.U 


5.9% 


4.3 


2.6 


4.9 


6.5 


5.3 


6.7 
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Table 6 details their historic^il values and some useful averages '^bver the 
1960-1977 data period. ' ' . 

. The price of institution-specific higher education is determined by 
taking 'weighted averages of tuition, room, and board for Michigan's public and 
private institutions from 1960 to 1976, using enrollments as weights. The 
price of two-year college is based on tuition only. Those weighted averages 
are then paired to form price relatives between institutions and also paired 
with the "price"; of all other goods, represented by the Michigan consumer pri-ce 
index. Real per capita income and the relative size of various IB-HA year-old 
population cohorts compared to 25-34 year-old cohorts are derived from the 
economic model. Contemporaneous labor market conditions are approximated y/ith 
age-specific unemployment jates for high school graduates^^ while the changing 
tastes for future labor market entry is captured by older, labor force participa 
tion rate035-44 year-old^). Military service constraint's are. measured by 
Michigan-specific inductions into the armed services, while the service-related 
benefits are Michigan-specific veteranj^ educational ex^nditures, deflated by 
the state consumer price index. Likewise, other goverraT«nt subsidies are 
deflated and expressed in the form of average real dollars peKstudent 
recipient. The average student loan, tuition grant, and scholarship were ^11 
Utilized in the empirical estimation- of the model. Finally, the eaucatiorial 
attai nment*gap between 25-34 year-olds and 3&-54 year-olds is measured by 
using national data.^^ 

^ t> s 

4%S. Department of Labor, S pecial Labor Force Report 193 . March, 1977 
and earlier annual reports. 

41U.S. Department of Commerce, Current Population Report , "Educational 
AttaXnment in the United States: March 1977 and 1976," Series P-20, No. 314 
and jfarlier reports. 
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To estimate the relationship between these explanator>* variatjlAand 

t^e age and sex-spedflc ^artldpation rates, tt was necessary to J several 

assumptions. First, this study treats Michigan as a closed system of higl^j^ 

education, with relatively small gross flows of migrating students and insigni 

ficant net flows. Consequently, Michigan's population alone was used as" 

the basis for simulating and projecting enrollments. Second, sfhce this study 

relies on a time-ser.ies approach using cohort data rather than the individual 

survey data -typical of cross-section studies, this model implicitly assumes 

no major changes in the distribution of income or in other relevant family 

socio-economic characteristics that are not explicitly treated in the model. 

I 

Third, the model does not distinguish clearly betweer\ the investment and 
consumption aspects of higher education, treating it as a single, lumpy 
coiTinodi ty. Such distinctions, as noted above, are csmmon to rate of return 

studies. Last, it is assumed that relative availability of information among 

> * , ■ 

prospective enrollees concerning higher education and its alterfiatives has 
not and will not undergo any dramatic ^changes. Such assumptions are usual 
for studies of this sort and are dictated by the. lack of^i^'stlhg data at the 
pevel of detail necessary to treat these potential problems explicity. 

The structural equations estimated for the higher education model are 
found in Table 7 and again in Appendix A, Table A-2, together with the formal 
definitions for each variable. There are ten participation rate equations, 



^^Accofding to Tuckman [45], Michigan experiences a college student 
voluntary outmigration rate of about 10 percent compared. to a national average 
of 18 percent. Recent information suggests that inmigration is less than 10 
percent of total enro>lmentv For luost institutions, excepting the University 
of Michigan and Michigan State University, inmigration is probably small. 
Furthermore, the small proportion of .private schools, residency requirements 
for public, two-year schools, and significar^t tuition subsidies and financial 
aid to state residents mitigate against significant intersj:ate ^flows of 
students. 
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TABLE 7 

STRUCTURAL EQUATIONS EDUCATION MODEL 



29.7^ + .02it6299 INDUCT + 8. W70 COHORT . . 
(6.26) (5.57) (2.29). - • 

-8.50 + .3227 LRM19 + .021i»156 INDUCT + 23.7592 COHORT 
(-1.08)* (1.35)* (3.55) ' (3.72) 

1.29 + .0013787 PCY .209753 MHUR2^ + .2891 RM21 
(0.^40)** (1.48)* (1.62)* (3.n), 

1.06 + .0200892 MVEED + 1.75 GIBILL + .00199711 PCY 
(0.6i»)** (2.71) (2.^5) (5.06)' 

0.11 + .0157984 MVEED + 0.88 GIBILL + .0002950 PCY 
(0.25)** (7.03) (7.39) (3.31) 

+ .0760137 MHUR34 
(2% 26) 

k.kk + .52549 FLFR44 + .0102878 AV6SD 
(0.77)** (4.04) (3.15) J . 

-18.43 + .3303 LRF19 + .5500 FLfR44- + ."^205 AVGSD 
(-5.29) (2.32) , (4.66) (l.8l) 

-22.96 + .685845 FLf'R44 + ?025336 AVGSD - 4.16720 RPRICE 
(-6.87) {15.56K-. \ (1.92) .(;"«-7l)* 

4.91 + .000425 PCY - 6.7661^ RPRICE + .58397 GAPF 
(2.67) (1.37)*, (-2.40)"^.^ (16.67) 

4.05 + .0001831 PCY - 5.8787 RPR I C^ .295515 GAPF 
.(4,76) (1.47)* (-5.13) H46.40) 

+ .105554 FHUR34 
(3-9^) 



TABLE 7 (Continued) 



(n) 

(12) 

C 



VSHARE 
BACP 



5^.37 
(17.88) 

65.76 
(11.18) 



17.93^5 PTOB - 
(-9.18) 

1.7^2^2 BTOJ - 
(-1.92) 



13.0150 RPKICE 
(-2.60) 

.027^628 HVEED 
(-1.78) 



51 
.961 

.992 













as a % 


Error 


Mean 


of Mean 


.72 


15.72 




.82 


67.66 





ANot significant at the 95^0% level of confidence, but significant at the 90.0% level 
gpJ^4ot significant at the 90% level of conf^ence. 
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five for each sex, whicl#ara then subdivided into 18-19, 20-21, 22-24. 25-29, 
and 30-49 year-old age cohorts; .Ordinary-least-squares^was used to estimate 
each equation. Durbin-Watson statistics, which are not reported in Table 7, 
indicate, without exception, that no significant autocorrelation exists, 
suggesting strongly that the small unexplained errors, which range from four 
to eight percent, are due to random variation over time, 'probably associated 
with explanatory variables which hav^»^n~3oriK^pacts on participation but 
are not included in the model specification. ^ _ 

Relative price (RPRICE) and Income (PCY) variables were used initially 
as regressors in each of the ten age- and, sex-specific relationships. M^le 
participation was, without exception, unrelated to relative price changes. and 
only non-traditional male students* ^RM29, RM49) were sensitive to real income 
trends. Older females (RF24/rF29C RF34), however, appear to be much more 
responsive to price stimuli and also exhibit significant, although less dramatic 
income responses: Young female participants (RF19, RF21), like young males, 
exhibit income and price elasticities which are not significantly different 
from zero. In those cases when income or price coefficients are significantly 
different from zero, the demand response is inelastic and in the expected 
direction.^ t 

Direct subsidies to higher education participatlSn have the effect of /y 
changing the relationship between relative prices for education and other 
goods. Again, traditional male participation (RM19, RM21, RM24) showed no 
significant relationships to the availability of loan, scholarship, or tuition 
subsidies provided by the State. On the other hand, the average real scholar- 
ship award (AVGSD) and the average real student loan were both highly related 



0 

43r 



^Participati^ and r^ative price increases are negatively related, as 
expected, while real income and pgrticipation exhibit .the- expected positive 
relationship. Other studies have concluded that higher education is highly 
price inelastic [14,28]. This inelasticity is undoubtedly due, in part, to the 
fact that the tuition, room and board often represent bx(| a small- portion of 
the market" clearing price for the highly subsidized merit good -f higher educaTiOn. 

. 52 . / 



to participation in the traditional female cohorts, although only the 
former was used in the structural equations because of multicoll ineari ty. 
These results suggest? a commonly accepted conclusion — that habit persistence 
by young males is stronger than among young females with respect to aiiquiring 
formal education, making males less responsive to changes in income or .out- 
.of-pocket costs. This is due largely, one would suspect, to the historically 
high level of labor force participation among men relative to women, reflecting 
their traditional roles in society. Veterans benefits (MVEED, GIBILL), on 
the other hand, are highly related to participation among non-traditional 
male students, reflecting the large number of post-Korean atid post-Vietnam 
veterans wlio have populated -our campuses, especially junior colleges, during 
the 1970's. ^ - / 

Growing 4duca|/ional participation among traditional female cohorts 
parallels the dr^atic change in tastes among women for market rather than ^ 
household workJfas women secure formal credentials in anticipation of labor 
force entry. ^Their demand for higher education , then, is derived from the 
change iji tistes for a complimentary good^ labor market participation. Thus, 
it is no surprise that traditional female educational participation ralfes 
were highly and positively related to ]abor force participation rates for 
older ||male5 (FLFR44), which was used as a proxy for the changing tastes 
for m^ket work on the part of . women in all age cohorts. In all equations, 
mor^ver, unemployment rates by age cohort, specific to high school 
graduates and to college graduates, were it&adnn an attempt to captlire the 
impact of contemporary labor market condi tions\as an alternative or substitute 
for college-going. The unemployment rate for high school graduates (MHUR34, 
FHUR34) was significantly and positively related to participation for both 
males and females over thirty years of age. In' all other cases but one (RM24) 

« 
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the unemployment rate variables were either insignificant or entered with 
the wrong sign.^^ 

It remained to find significant explanatory variables for young male 
and older female cohorts which were not purely price, income, or opportunity 
cost variables. It is coiiii^rvly accepted that young males '"escaped" from 

■ conscription during the Vietnam War in part by. enrolling in college,, and 
inductions of Michigan males (INDUCT) are, indeed, highly related to the 

. bulge in traditional male participation from 1965 to 1971. The rather 
dramatic impact of the demographic twist associated with the baby boom also 
may have played ^ meaningful role in determining traditional male partici- 

- pation. Economics, in general , and rate of return stfidies, in, particular, - 
suggest that a larger number of intra-cohort competitors will lowerjthe 
rate of return to higher education. Howeysr, as ind-ividuals, young males 
will ^ee the attainment of more formal schooling as both a way to out-compete 
or at least keep up with their fellow cohort members and as a means to delay 
. ' entry into a crowded segment of the laboj* market. During the * late 1960's 
and early 1970*5* the size of the 15-24 yeBr-old cohort in Michigan peaked 
relative to the number of 25-34 year-olds\ becoming nearly fifty percent 
» higher due to the baby boom. Historically, those two cohorts have been' 
roughly equal in size. During the remainder of the century, however, the 
15-24 year-old cohort will actually become smaller than its older counterpart 
due to the baby bust of the last two decades. The relative size of these »- 
two cohorts (COHORT) was a significant explanatory variable for young 
male participation rates, .although not for young females, who have not 

^^It is expected that rising unemployment 'for high school graduates ' 
in fhe same age cohort would' tend to increase participation (positive sign), " 
ceteris paribus, and that rising unemployment ^ among college graduates 
would mitigate against parti cipati cm' (negati^d sign). 

' \ • N ' 
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^erienced widespread Intra-cohort competltl^ in the labdr market to date. 

Next, in an attempt to explain non-trXditional female student enrollment 
patterns, ttiis study employed educational attainment gap variables (GAPF) 
to measure the differential betv^een older and 'younger segments- of the 
popuTl^n. Assuming the^usual direct- relationship between. formal education 
and market productivity, increasing demand for labor force participation • 
among all female cohorts sjiould create a derived demand for higher education 
in the older, less weH-educated cohorts. Thus, the educational attainment 
gap variable represents the perception of. higher productivity by the older* 
female participant who either intends to reehter the labor force, upgrade 
•he/ occupation, or compeite directly with younger females as a new entrartt, 
While occupational upgrading is also present among males (the other two motives 
are not common), the corresponding male educ|tional attalnnrent gap Variable 
was not significantly related to the non-traditional male participation rates 
One suspects that older males, in aggregate, rely more on on-the-job 
experience for ijpgrading than on formal education, and that the participation^ > 
ratesfor older males,^hich have traditionally, beerj. higher thran the coftiparable 
•female rates, have reflected ongoing carreer switching and occupational ' up- 
grading among males since well before the data period. 

Last, the 20-21 year-old participation raf;e equations for both sixers 
contain the lagged participation rate for 18-19 year-olds, the purpose, of 
which is to capture the carryover enrollment associated with the attendances 
pattexns for the four-year, baccalaureate degree. This is neicessary because 
the cohorts involved are only two years in length. Because of a shortage . 
6f degrees of freedom, however, other lagged relationships were not attemptejd 

y 

except for the possible carryover , into 22-2£i?ear-old cohorts associated 
with educational deepening akd lower""course loads. This is Significant only 
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• / • A^^,-^?^'^^^^^^'^*^ have. jev1^eRced;t^ date q)uc[! higher propensities 
' . V ■ f6r forfnal adu(^atiQrT bWoHd the'^age' of tw$ntV-t^o;' 
■ 'i ' ^ ♦ t J^/Q'^ore/equatiojjs ^P}5ear 'in Tafel-e 7- designed' to id 

. -^f5t> thwchaliginCr ins^itu.t;idnSiT> nii;i^ Higher 
' ^ ,jiithig$Ti.-''rThe pr4vatfe ishare .Mith^gan^ s 'enro-l Iments (VSHAI^f^ — 
. 6ateal aureate on.fouVVjiBiJj'prOfjQrtfq public eni 



\ 



identify causes 
in 

/■ 

(VSHAI^E) and the 



enrollments . 
relative 



■i^f ^ XBAGPj'are.estitiiated^^JWatlOTl *ind {12). irf each Ca^e, 

*; . ^ r\ v&tenans\ be'n^TiJ^ to the BACP^equatlcm^'caRturing inordinately high • . " 

'•li'" 'V' S^ Wffdf^gravitated .'toward tfWo>-ye^r coinages during the.' • • • 

--NriB^aifittt^^irg^ •ft.t: veteV^n-'panctiCipa'nts/'.. v \ \ <- \' • , ^, - «^ 

5 *> -. '. . • As wa^. , pointed, out above', this mode> wa*>,siniulat^4 tfh rough . the. , ■. •'' ♦ 

Av , ,,,;>'• . : •,. , - *, v. ■• ' ■ ' • 

/ • ' • > 1 960--^ 97^, data |5erfod^ . using actual data (Tabtfe^) for the "fexogeaous V - V. 
;V '' ' ^"-'^ . ^ ■*^.' '' • - •• ■ ■ ■■ . ' \: ' ' ■• ' ''• 

, ' ■ (right^hartd) VikHabies^ in each equation^ some o^'^WiCh are 'de.Ji^iyed from ' . , 

^..'^'"i t+iB'^econamii; jno4el The si'mlilated partieipatlQfl rates thus c " \. 

' ^niuUfpned by , the correspond tri^ 'cohort pcyulattoo' caurjH' ^rom the pcfpbla^iv^'*!' 
;'V. ■ ■ '--v^, " . V ■ ■ \ * , ■ ■• ; • ; 1..- 

: *V^'' • ''1iti^n..aimlJla■t^on', to ;y*i'el^ enrcfljinent' estimates. Thekl' en^l Jrtents were:: - . * . 

V/, >' then .aggt*e^4,4fid, ^ <tbtslih •j^^g e'^tlmi^tes' shown ■ In Table 5, wf]ich*^re - 'j*^-;?' 

, : ^''^'-' v-'.^n' \ •. ••"V/. ft' ;• ) ^"'V' ■ " : ' '.• . ' ,'*v'/;, 

• «••.'•• ,'.d'i«CAjVisi^' ea'rl Wt.»'''t'be'-;§titi|ctuy*ai. 'rel ^^tlbnsfflps ain tl^e eitacation model i 

' • " .were then. used tb^ project' enr^ 1.1 menx to the year' 200Ci* ' In orji^r to .V*^^ J ». • - 

\. / ^ ^' ^' prbje^t fenVc;! traent b'e•yo^)d^T977. hov^V|r, it ^is./i^5t ne^ce^aipy to prrofect . a ' . 

.'^ V.-'v, ." - " . ''■■;^- 

■ -'-W -'the fiitDde;[',s 'exb 
" '••".1' * ' : the- neXt\i<y|£iTQii, 



jg^nous^ variutjl.es , -which 'is, tha'ipi'ti^li^ ta^sR desgtii'bed 'in^_V / 

f-t Z " • • / ^t'o'^ecfiion asiumf^ions' fDk' the'^vexoge - . 

. . ' m<i^d6l vSre, presented in Jatle 8;, v^Ror 1 4ath ti the ' ^ • n 

> >• ■ • ■ . . ■ ■ ■ •'^ * - . PR ■ ■ . ' " v.* - ',»'''■*■,• -, ,1 ,■ ■ i • ^ . 

■ . * , '..^ , • .'• . . ■ . . • . ^ 
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TABLE, a. (a) 
PROJECTION ASSUMPTIONS FOR EXOG€NOUS VARIAB}.ES^^ 

EDUCATION ^40D'EL 



Abbrevlat ion 



Remarks' 



RPRICE : Will tuition room 
and board rise faster or slow- 
er than the general price 
level? ^— ^ 

PTOB : Will ^ubl I e tuition, 
room and board rl^e or fall 
relative to private co-1 leges? 



19>77 
Actual 

0.98 



1.63 



Alternative Projection Assumptions, 1978-2000 
Optimistic 



(b) 



Decl Ine to O.'SS 
by 2000 



Hold constant 
at 1.63 



Base 

Hold fionstant 
at 0.98 



Decl ine to 1 .50 
in 1985, hold 
constant there- 
after 



Pessimistic 

increase to 1.10 
by 2000 ' 



Oecl ine to 1 .50 
in 1985, then to 
1.33 by 2000 



cn 



PubUc, VYr/ 
Publ ic^ :2 Yr 



fnfcon>e and 
Direct Subsidies 
(Real 1972- $) 

Aggregate Per 
Capita Income 

Average 
^choTarshi p 



BTOJ r Will junior and 
community college tuition rise 
relative to baccalaureate? 



5.17 



PCY : Depepds on state 
economic and 4^mographic 
cond i t i ons 

AVGSD : Wi n the legisla- 
ture maintain the real value 
of the state scholarship 

awa rd? 



$5^52 



$^39 



D^ilne to ^.50 
In 1985, then to 
^.00 by 2000 



Decl Ine to ^,50 
In 1985, hold 

- constant there- 

"after ^ 



Hold constant at 
5.17 



Determined in economic modef, value depends on projec- 
tion assumptions for economic growth, birth rates, and 
relative fuel prices. ^ 



Hold constant at 
^439 



Decline- to ^00 by Decline to 220 
1985, hold con-- by 2000 
stant theVeaf ter 



t ducqt i on 
BeneJ*i ts in 
^ Mic>(igan 



ERLQ 



1 ' \ ^ 



MVrED : Current law termi- 
nntns all^ benefits by I988 
(1989-2000^^0) 



$77M S ! ower dec 1 I ne 

based on fix^d 
poo] of potent ial 
users 



Dec 1 1 ne based on 

post-KorcafJ 

experience 



Faster decl ine 



Hi 



Productivity 
Effects ^ 

. Relative Male 
^ Cbtu?rt Size 
15-2'*/25-3A ^ 



Gap in Female 

Educational 

Attalnnvent 



Opportunl ty 
♦ oi Costs 

.CD 



Female Labor 
Force Partici- 
pation Rate, 
Age 35-'*^ 



Military 
Induct ions 

Male/ Female 
High ^School 
Unemployment 
Rates, 25-3^ 



TABLE 8 (Continued) 
PROJECTION ASSUMPTIONS FOR EXOGENOUS VARIABLES 

EDUCATION MODEL 



(a) 



Ab^breviat ion : Remarks 

COHORT : The baby boom/bust 
causes ratio to peak in' 1971 
and to fal 1 through most ,\ 
of the rest of the century^ 

GAPF: The highiv-educatod . 
baby boom first reaches 35 
years of age in .1982 and Is 
completely over 35 by 1996. 



FLFR^i^ : Based on 'Department 
of Labor estimates g 



INDUCT ^ 
MHUR3^/ FHUR3^ ' 



Actaal 
1.26 



Alternative Projection Assumptions, 1978-2000 



(b) 



Optimistic 
Do not a 11 ow. to 



fall 


, below 


• 1 .10" 




15.8p.p. 1980: 


17p.p- 


1985: 


: 16 


1990: 


! 13 


1995 


: 10 


2000 


: 8 







Base 

Do not al low to 
fall below 



fa 1 1 be 

i.io(cJ 



l6p. p. 

1^ 

11 

8 

6 



Pessimistic 

Allow to' fall 
to projected 
level ^c) 



l^p.p. 
12 

7 

5 

5 



Sh.5% 
0 



7.1^ 
8.3^ 



There are no alternative projections, see Tablc^l 
for labor force participation rate projections 



0 



Value determined in economic model, based on -three 
alternative interpretations of the recent relationship 
between high school graduate experience an|l the 
aggregate cmampipyment rate 
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■ ^^Hee Table- 6 for historical data and Table A-1 for detailed def Inl tion^ of each^var iable. ^ 

^^^Alternatlves are classified as optimistic, base or pessimistic according Vo their impact on public, 4-yr 
enrollments. ^ 
^ ■ ^^^alue determined In economic model, e.g.. benchmark projection ye I el^'s iSsiCO.SS) . 1990(0.90). 1995(0.91). ' 
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economic model., the alternative assumptions are classified into one of 
three categories'" -'- optimistic, , ba^e, or pessimistic. These characteri- 
zations pertain'^ to the likely impact of any given assumption alternative • 
on public four-year enrollments, which comprised at least one-half of 
Michigan's higher education enrollment throughout the data period. ^For 
example, the first exogenous variable is RPRICE, the price relative 
between baccalaureate tuition, room, and board and all other goods. Its 
value was 0.98 in 1977, after reaching a high of 1.03 in 1972. A steady 
deJSinc of that relative over the projection period to a value ofs 0.85 
in the year 2000 is viewed to be optimistic. A decline in the relative 
means that the price of higher education is projected to rise a bit mons 

slov(^ly than the cost of living. Alttrnately, a rise in the price relati\/^ 
t: f ~ ' ■ \ . . \ ■ 

was. considered ta b^pessimistic, whiW the steady-state, that is holdij}^, 

RPRICE constant, was judged to be a reasonable^' compromise or base assump- 
tion. It should be noted t^''any assumption may be made about these 
variables in the mBdel methodology, not just the three chosen for the 
projections reported in this study. 

While Table "8 details the alternative assumptions concerning each 
exogenous variable, several deserve additional conment. First, it is the 
author's best guess that two-year col lege' costs will rise faster than 
baccalaureate costs during the remainder of the century, due to more 
severe funding pressures' among other causes. Therefore, only the pessi- 
mistic cissumption forncdsts a' steady-state for that price relative (RTOJ). 
For the same reason, the study anticipates some decline in the real value 
of state* subsidies to higher education _ (AVGSD) thus , only the optimistic 

assumption is a steady-state. The author strongly susp.e^ts that the.-, " 

w 

enrollment- inducing intra-cohort ccwipetiti on created by the baby-boom is 
- ' • , 59 . ■ 
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asymmetrical thus , higher education participation of young males should 
not fall off as the number of 15-24 year-olA shrinks to below the nC»n£er 
of 25-34* year-olds in the years to come. For all but the pessimistic ' 
assumption, therefore, the relative cohort size variable (COHORT), is jK)t 
aijlowed to fall below 1.1^, well above its projected vajue for the 1980/ s 
and\1990's. 'bast, the evidence available supports a dramatic closing 
of the higher education attainment gap as the highly-educated baby boom 
reaches the older cohorts. By the year 1996, the entire baby boom will be 
over thirty-five. Consequently, unless we exiDerience another surge in 
traditional student participation equal to or greater than tftat of the 
sixties and seventies, the gap must close. It seems highly improbable, 
therefore, that the non-traditional student of the futuTe will b^ seeking 
higher education in the proportions currently experienced,.- 

The enrollment projections which result from the combined economic" and 
enrollment models are sumfnarized in Table 9. The first four columns of 
that table hold mediurii^economic projection assumptions const|int but' vary 
the educational assumptions. The table presents projectiog^p^Tues for 



the aggregate participation rate^ total enrollment in higher eduption, 
public four-year enrol Iment ^ and public two-year enrollment for 19/7 and 
at five-year intervals from 1980 to 2000, TheV^^r and value at which 
each variable reaches a minimum is also presented, together with the 
maximtim percentacje decline from 1977 associated with t\at low point. 

Ihe iinpdct. of altornativo set^s of education projection assumptions, 
as sunimari/ed in Ta[)le 9, begins to make substantial differences in enroll 

" \ 



rnf. 



Mit. levels by ]9P6, ancl those differences tend*to become more exaggerated 



in thc^ I99()'s. Without exception, n]\nif^yms occur. in the mid to late 1990' 
II is instructive to see what occurs if ^ge- and sex-specific part i c i pa t^i^ 
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TABLE 9 

HiCHIGAN ENROLLMENT PROJECTIONS THROiiGH 2000 
(October Headcourit in Thousands) 



( 



Aggregate 
Participation 

Rate 

1977 i 

1980 

1985 

1990 

1995 

2000 



Medium Economic Growth Assumptions 
Education As^uy£tlons 



Constant. » 
1977 P/R^^ 

12.0 
■ 11.1 - 
10.4 
9.7 
10.0 



o pt imi S t ic 
12.5% 
12.3 
11.5 
10.5 
9.6 
9.7 



ftase 

12.5* 
12.0 
11.0 
10.0 
9.0 
9.1 



Pessimistic 



12. 5i 
11 

10.3 
8.9 
8.0 
8.4 



Base Education Assumptions 



12.5* 
12.0 
11.0 
9.9 

8.9 
8,7* 



Low 
Growth 
12,5* 
12.0 

10.9 
3.9 

8.r 

8.9 



Med i ym. 
Growth^^^ 
M.bX 
12.0 
11 .0 
10.0 
9.0 
-9.1 



High 
Grov^th 
12.5:^ 
12.0 
11.0 
10.1 

9.2 

9.2 



'Pessimistic 
Educ. As^ump. 
Low Growth 
12. 5< 
11.6 
10.3 
8.8 

■ 7.9 
8.2 



Total 
' Enrol Itnent 
1977 
1980 
1985 
1990 
1995 
2000 
Low(Yr) 
Percent Change 

Publ'ic 
Four-Year 
Enrn 1 1 tnent 

1990 

N, 1985 



20DO 
Low(Yr) 
Percent Chdnge 



505 


505 


505 


505 


505 


S05 


505 


505 


505 


508 


519 


506 . 
493 ^ 


490 , 


506 


505 


506 


507 


V90 


497 


516 


462 


. . 489 


488 


4'93 ' 


498 


458 


491 


499 


473" 


421 


462 


462 


473 


488 


4n 


468 


463 


433 


. 384 


407 


413 


433 


460 


566 


479 


469 


435- 


403 ' 


383 


406 


435 


477 


375" 


468(95) 


460(97) 


428{97)\ 


384(95) 


383(00) 


403(98) 


428(97) ' 


459(96) 


365(96) 


- 1% 


- 9* 




-24* ' 


-24* 


-20% 


-15% 


- 9* 


-28% 



2^42 


242 


242 


242 


242 


»242 


2^(3 


253 


247 


239 


247 


247 


238 


Ihh 


239 


222 


238 


238 




247 


.230 


200 


224 


225 


224 


228 


(209 


T80 


196 


200 • 


229 


230 


J2IO 


187 


184 . 
184(00)' 


196 


224(95) 


226(97) 


207(97) 


180(95) 


195(98) 


- n 


- 1% 


-i5i 


-26* 


-24* 


-19* 



247 
\2 39 
130 
)9 
210 . 
207(97) 
-1^^ 



Ips 



2h2 
Ul 

ill 
229 

221 (96) 
- 9t 



2'<2 
238 
220 
195 
172 
175 
171 (96) 
-29* . 
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TABLE 9 

\ MICHIGAN ENROLLMENT PROJECTION^ (Continued) 



Public, 
Two-Year 
Enrol Iment 

1977 
19S0 
13S> 
1990 
1995 
2000 
Lav(Yr) 
Percent Change 



Medium Economic Grov/th Ass^ji'.ipt ions 

Constan^j^j Education A ^|y mptions 



1977 P/R 
201 
202 
197 
J95 
186 
190 , 
186(95) 
- 7% 



Opt imi Stic 
201 

200 ' 

195 
186 

171 
172 
170(96) 
-15* 



Base 



Pessimistic 



201 
192 
181 

-17^ 

160 
162 
159(97) 
-21* 



201 
187 
175 
15^ 
U5 
151 
1^5(95) 
-28i 



Base Education Assunpt tons 



esstmJst ic 



2PC^^> 


Low 
Growth 


Mcdiura X 


Hiyh 
Grov/ch 


Educ. Assurr;p 
Low Gro-ith 


201 


201 


. 201 


201 


201 


191 


191 


192 


192 


137 


180 


179 


181 


183 


175 


170 


170 


17^ 


180 


155 


^151 


152 


160 


171 


137 


U3 


150 


162 


177 


I'.O 


ll»3(00) 


U9(98) 


159(97) 


170(96) 


137(95) 


-29* 


-25* 


-21* 


-15* 


-32* 



ro 



(a) . \ ' 

♦ Based oh simultaneous simulation of the MIchi-gan economic and ©ducWion models,, under varying sets of assump- 

tions about the behavior of their respective exogenous variables from 1978 to^2000. See Tablc^ 1 and Table 8 for 
^etaHs obout the project ion. assumpt ions for econornics and education, respectively. 

( b ) -^f^ 

This nssiiraption holds the projected 1977 age^sex specific par t i c i pat lon^ ra tes constant through the year 2000, 

thus by - Pl5$ s i ny t he oduca t i on node I . * J 

^^^Ihc "brnc .hnuw k" pfojectK>n is the .medium economic growth/base education projection which is repeated here for 
purposes of comparison. ' 

(d) > 
The ^'so-ca 1 1 od" ZPG projection assumes low ecpr\OfnIc growth, low births, and a thrce(3) percent per year growth 

9^ relative fuel prices after 1985 causing population to peak at 9*7 million In 1993 and decline thereafter. 




rates are held constant at their 1977 levels throughout the projection 
period; in other words, the educational model is unplugged. The ejirollments 
that result are shown in column one of Table 9. With participation rates 
constant, enrollments experience a steady-state through the early 1980' s 
and then begin to fall. The maximum decline is seven percent, with aggregate 
enrollment falling by some 37,000 students from 505,000 in 1977 to a low 
of 468,000 in 1995. This points out rather dramatically that in the 
absence of any change in cohort participation patterns, the changing demo- 
graphic mix of Michigan's population, as predicted by medium economic 
growth assumptions, will eventually result in distinct, although moderate, 
declines in the demand for higher education. It would take an average 
improvement in participation rates of up to seven percent to maintain a ^ 
steady-state over the projection period. This increase in participation, 
sTiould it oc^ur, would not generate any meaningful increases in the numbers 
of students in Michigan's colleges and 'universities beyond levels experienced 
in the late 19/0's and early 1980's. 

When the enrollment model is allowed to function, individual partici- 



As a general rule under all three projection scenarios, tradi ti onal -age 
male participation rates tend to fall slightly at first and then maintain 
a steady-state, while non-tradi tonal males under thirty tend to increase 
their participation. Male participation rates over thirty also fall at 



first but then pick up a bit in the latter part -of the century. Traditional 
female participation rates tend to increase steadily during the projection 
period mainly due to contindfed increases i^n taste for labor force partici- 
pation. N<5^-tradi ti onal" female rates on the other hand tend to fall over 




shares change over the projection period. 



» 

the projection period as the educational attainment gap closes, slowly at 
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first and then more rapidly later on. The net effect of these trends is 
for the number of female students to first equal and then exceed male 
students in Aggregate, falling back to equality or below by the end of the 

♦ 

century. These general trends are either augmented or dampened, 'depending 
on the particular set of education projection assumptions in question. ■ 

Looking at the impact of changing participation rates on enrollments, 
holding economic conditions constant (Table 9, columns 2-4)., maximum 
declines in total enrollment range from nine percent upder optimistic j 
assumptions to twenty-four percent under the pessimistic scenario, with 
base assumptions generating a fifteen percent decline- If one holds base 
education assumptions constant, but varies economic conditions (columns ;5~8) , 
enrollments are quite similar through 1985, eviftencing only small declines.,.^ 
The cumulative impact of different economic conditions begins to take -its 
toll, however, and by, the late 199t)*s, the maximum-declyie ranges 'from .' - 
nine percent under high economic growth cond it fon-s to twenty percejit for ^ 
low growth. The .even, more pessimistic ZPG assumptions- would produce'an ^ 
eventual ehrollment decline of twenty-four percent, under base education 
projection assumptions. If low economic growth and pessimistic education 
assumptions are combined (column 9), total^ enrollment falls as much as . 
twen-ty-eight percent over the 1977-2000 period. Without exceptjon, public 
twn-year enrollments exhibit larger proportional declines than public four- 
year enrollments, although the pattern of enrallmont change through time 
quite similar. • ' , 

It should be recalled from the discussion above that 'the 1 97^ enrol Iment 
figures and the succeeding prdjoctions contain two-yoar college headcount 
enrollment that has been recently excluded from the state's official definition. 
Thus, ther^ is an upward bias in the two-year projections unless one wishes 

) 
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to count so-called "leisuri? time" enrollnient. Moreover, the structural 
equations in the education model are not disaggregated by race. Presently, 
non-white participation rates are notably lower than those for whites. The 
iti^diuni economic projections estimate that non-white proportion of 



Michigan's 18-49 year-old population will rise from 12.5 per(~ent in 1977 to 
14.7 percent in 2000. Unless the gap between white and non-wT-iite participa- 
tion closes rapidly, the rising non-white share of population suggests that 
all the projections- are biased upward to a small extent. 

It is the author's inclination to accept projection assumptions which 
are at or. below the med"ium/base scenarios as being ''most likely'' for the , 
remainder of the century. ^ Consequently, this study would suggest that 
we in Michigan should expect a virtual steady-state in enrol litents through 
the early 1980's, followed by slow and t;hen more rapid declines through 
the mid-1990's, ranging, at a maximum to from l^b percent to 20'^percent of 
present enrollment. The projecfton results in Table 8 suggest that, if ^ 
the medium economic growth and base education a^^^mptions are correct, 
baccalaureate enrol Imefits may fall by as much as 30,000 students by the 
mid-1990's , *whilo junior colleges will experience up to a- -40,000 stydent 
decline. This *'most likely" re^ul^, of course^ derives ^<.from the opinions - 
of the author. A sa 1 ient- fe^a^tuKe of the methodology developed here is that 
projections can be obtained 'using a wide array of alternative assumptions 
about the model's exogenous variables, designed to'^suit the expectations 
of thp n\o(\v.] user, , ^ ' ^4^. 



"^^Ut should be recalled that the medium economic ossunif^t i ons 
reflect nationai growth rate estimates which are consisti^nt with lur-r'tMit 
predictions of various federal agencies and with h i s torica 1 1 y-(*x[)er i fniced 
trends { sec Table 1 ) . 

■ ' \ 
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^ ■' ■ CONCLUSION , . 

Forecasting the .future is, of cottrse, an imperfect science at best. 

X . -. ■ ^ • ' 

The. usefulness of any forecast depends critically upon the answers to 
two questions. First, to"what extent does the forecasting nibdet In question 
capture the meaningful and relatively stable causal relationships which , 
underlie the human behavior being^modeled? Second, granted a satisfactory * 
answer to the first question* how feasonafcle are the projection assu|pt1ons 
about '*the exogenous vari-ables in the model? ft is the author's hope that 
this study provides better, although certainly less thati perfect, answers 
than have existed heretofore. * ^ ' 

Befbre summarizing .tlie ifuture trends projected by this study aTid" " " ^ * 
some tentative implications of those trend^s, it is imperative to characterize 
the danger of acce|^'n'g them a^ inevitable. No research effort can duplicate 
the comglexitites^ff real world behavior or anticipate fully the unexpected. 
Consequently, the usual caveat applies those factors which have and will, 
influence enrol Iment but" are not explicitly treated by the study are 
implicitly assumed to remain constant. For example, this work neither antici- 
pates substantial new programs for higher education nor any dramatic changes, 
in the nature of public funding. The enrollment trends predicted here could 
be partially offset by new' and more attractive services. Equally as welT, 
they could be mandated or, indeed, exaceVbated by reductions in funding, were 
those*rcductions to occur . before , rather tfian after, the fact. In the end, 
therefore, it is the response of the "higher education system" to its own 
expectations about the future which will", in part, determine what is to 

come. , . » 

If the crystal ball employed here- is less than opaque, this study 
suggests several important changes for higher education in Michigan in the 
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future. The planning and policy-making environment promises to be one of 
steady-state or decline, rather than growth. The two-year college the 
phenom of the sixties and seventies -- will experience enrollment pressure 
wliich may exceed that faced by the four-year schools. Intra-state relocation- 
patterns of population will play a significant role in determining which 
specif^ two-year institutions will be stable and which will decline. At 

^this moment in tfme, the possibility of major disturbances in funding sources 
for community education simply augraen1>s uncertainty. Baccalaureate institu- , 
tions also -face eventual, although perhaps less precipitous, hebdcount 
declines^ although changing institutional shares could create serious 

^ problems for some ■'institutit)rTS- and Ifttle-or no problem -for <)thers» 

The model projections strongly suggest that the State make no 
significant additional investments in capacity, except in support of either 
unique, new programs or existing programs in extremely short supply. In 
either case» sufficient excess demand should be clearly in' evidence. 
Mpreover, many institutions shoul.d anticipate eventual decline in overall 
staffing and the need to begin the arduous task of. reallocationg resoiTrces 
internally to meet the ever-changing mix in student demand for academic and 
professional skills. Those four-year institutions whose "bread and butter" 
is the tradi tional -age undergraduate would $eem to face the most uncertainty. 
Those institutions which are not located' in densely-populated areas would 
appear, on the surface, to be at a disadvantage with respect' th the changing 
demographic mix of students. The severity of any enrollment decline. for 
a- given institution depends, however, on the myriad of other factors which 
influence the ebb and flow of inter-sqhool patterns'* of enrollment and are 
not addressed by this nfrsearch. ■ . ^ ' 

In sum, this study concludes that the post-war growth trend. for 
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higher educatiqo in Michigan is. virtually over. That pBth should level 
out and- then fall off during t^\e next two decades. Should a significant 
ne* baby boom develop, higher education will have sufficient lead time to 
er4ct any necessary^post-2000 capacity. : . 
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TABLE A-1 
DEFINITION OF VARIABLES 
(In alphabetical order) 



Type of Variable 



) 



\ The type of economic or demographic variable being measured Is often 
Indicated in the structural equations by a one or two Utter prefix as 



fol lows: 
Oxxx . 

Exxx 

Lxxx 

n 

s 

SHxxx 

Yxxx 

Note: 
Industries 



indicates that the variable whose abbreviation follows 
is a first difference (change in the variable from the^ 
preceeding year). 

indicates endogenous regional employment by Industry, 
annual average of nxjnthly estimates of number of per-, 
j^ons employed. 

Indicates that the variable whose abbreviation follows 
Is lagged by one year. 

r 

indicates exogenous U.S. value 6f -shipments by industry 
in millions of constant . 1972 dollars..' 

rndlcates enddgfenous regional IntQme by Industry of 
origin in thousands of constant 1972 dollars. 

No other variables begin wlth^he above letters. 

( • , ■ 



^ The inqom^, employment^ and' sh i pments variables are disaggregated 
by Industry as follows (in alphabetical order): 

qhemicals and related industries (SIC 28) 

Construction (SIC 15-17) 

^Aggregate of the export industries'^ 

Fabricated metals (SIC 3^) ' 

Finance, insurance, and real estate (SIC 60-69) 

Furniture and fixtures (SIC 26) 

Aggregate of the pp^vate loca 1 -servi ce industries* 
Machi.nery, except electrical (SIC 35) 
Motor vehicles and parts (SIC 371) 
'Aggregate of the non-manufacturing Industries* 
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OMFG Other nor>-export manufacturing Industries** 

PRIM Primary medals (SIC 33) 

PUB Government— federal , state, and local ^ 



RT 



I 



Retal{ trade {SIC 52-59) • 

* s 

RUBTR Rubber and plastic products Cj^lC 30) 

SERV \ Services (SIC 70-89) 

fCUT Transportation, commuoltatlon, and utilities (SIC ^0^^9) 

TOT Aggregate of ^11 industries, public and private* 

Vrr Wholesale trade (SIC 50-51) ' ' 

\ ♦ - 

' *EXP «= MV •+ MACH'+ PRIM.+ FABM + CHEM + RUBR + FURN 

NMFG"^ CONST + TCUT + VTT > RI + FIRE + SERV - ^ 

LOSR = OMFG + NMFG 

TOT • « €XP + tOSR' + PUB ' ^ ' 

**lncludes, electrical machinery (SIC 36), other durables 
(32, 3S, 39), food (20)^, textiles (22), apparel (23). 
lumber arid wood products (2^), petroleum (29), and other 
■ ^ non-duraBles (21 ,31) 

Endogenous Var iabl es-EconomIc "Model 

In addition to the industry-specific employment and Income variables 
defined above, the following var iables are endogenously determined In 
the economic model: * 

.FORCE Aggregate labor force aged 16 and over^ annual average 
of monthly estimates* \ 

MIGNW Net non-white migration (calendar year) 

'I MIGW Net white migration (calendar year) 



NAT I NC 



Aggregate midyear population due to natural Increas^ 
alone^ lh[s variable is determined in the population 
simulation- routine by applying age- race^ and sex- 
specific '^bi rth and survival rates to the prior yearns 
population matrix , . < 

NJETHlG Net aggregate migrat ion (midyear to midyear) determined 
by assumigg, cal endar year migration is syrwi^trical with 
respect to time (sree equation (^3), Table A*2) ' 
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NWP 

POP 
POP 



RUNR 



UNEMP 

unrmV 



Non-white percentage of the aggregate midyear 
population 

Pel* capita real income (YTOT/POP) In constant 1972 
dollars 

Aggregate midyear population (see equation {kk) , 
Table A-2) 

Element of the population matrix, the ^aggregate of^ which 
U\he variable POP. The matrix is^*X 86, where i are 
the four race-sex categories and j are 86 age categories 
from 0 to 85 + (see RFORCEj^ below) 

Relative unemployment rate, (ratio of Mlchigan/U,S . 
average, annual aggregate unemploymfent rates: U.S. 
Department of Labor data) . 



Number of unemployed persons (see equation (^7) ,kTable A"2^ 

Michigan unemployment rate, Annual average of monthly 
estimates p^^aggregate unemployment~>ate 



Exogenoi^ Var labi es--Economlc Model 

These variables are und^;J I ned In the structural equations for ease 
of identification Uee Table A-^ , In addition to the industry-specific 
shipments variables (SHxxx) defined above ^ the fol leaving variables are also 
determined putside the economic model: 

CRISIS A dunmy variable representing **crisis*^ associated with 

the 197^^75 oil embargo, and the attendant temporary shift 
' in demand {197^t75 '=1). / 

EFARM Agricultural employment |n Michigan 

EOTHER Domestic and mining employment In Michigan 

RFORCEj. Labor 'force participation rate bv race-sex category 4 
^ ^ P ^ WM(*1), WF(2), NWM(3), NWF(^J and by age 
' D « 16, 17,™ 85 fl 

RFUEL Relative fuel prices (ratio of average annual whohe-- 

sale price index for fuel products aHd the GNP deflator, 

1967 and 1973 « 100) 

RIOT " ; A duOTTiy variable represent i ng the impact of the I967 

1968 Detroit riot experiences on net wht te^'migrat Ion 
. (1967-68 = 1) ^ 

STONC South to North Central net black migration (calendar 
year). Derived from estimates of the Census Bureau, 
Current Population Reports , Series P-20 
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UAW A dummy variable representing years In which there 

were significant work stoppages in the automobile 
Industry (I96U dk, 67. 70 - 1) 

UMRUS' U.S. unemployment rate, annual average of monthly 
estimates' of aggregate unemployment rate 



ghdogenous Variables - Education Model, 



RMI9 Higher education participat>on rate for males, ages . 

19-19. Computed by dividing 16-19 year-old enrol lees 
' * By the 18-!^ year old male population 

' ^ RFI9 Higher edutati^on participation rate for female^s, ages 

18-19. Computed in the same fashion as RM19 above. 

The remaining endogenous variables are similar to the above except for 
the age groups used to compute the participation rates. The remaining 
variables are RM21, RM29, RM9, and RF21 , Kflk, RF29, and RFi*9. The 

and female- especific participation r^tes are: 



age group 



for 



these male- 



• 21 = ages 20-21, inclusive 

2^ i ages 22-2^, inclusive 

29 = ages 25-'29, Inclusive 

* ' kS H ages 30-'^i9, Inclusive 

Exogenous Variables - Education Model 



AVGSD 
BTOJ 



COHORT 



FHUR3'+ 



GAPF 



Real, average, higher education scholarship award In 
.Michigan, In constant 196? dc^l Urs (deflated by 
Michlgan!s consumer price Index) 

Ratio of the average ''p^'ce'^ of public baccalaureate 
to junior college education in Michigan* Based on in- 
dices of fulltime studerft costs (tuition, roon\, and 
board) at Michigan's fifteen four-year public institu- 
tions, and at twenty-nine public junior and community 
col leges (tu i t Ion only)., ^eighted by enrollment. 

Ratio of the number of 15"2^ year old persons in the 
Michigan population relative to the number of 25^3^ 
year old persons. 

Unemployment rate for females(males) , aged 25-3^, who 
have completed high School but not attended college 

U.S. labor force participation rate for females, aged 

35-^^. . : / ' . 

Difference or "gap'* between the U.S^ educatJona,! attain- 
m'ent of females, aged 25-3?, -to females "a^d 35-5^. 
"Educational attainment Is measured by the perceiitage 

, ] ^ 



ERIC 



73 



Uj3 



« 



6IBILL 



INDUCT 

MHUR3A 
MVEEp 

PCY 
PTOB 



RPRfCE 



of females In each cohort who had completed one or more 
years of college (based on Census Bureau data. Current 
Population Reports , Series P-20) ' 

A dunwy variable representing the Impact of the legis- 
lative termination of Interwar 'Jieteran's eligibility' 
for G.I. Bill benefits as of May 31. 1976 (197^-Z5 - D 

Number of Michigan residents Inducted Into the armed 
services (excludes voluntary en]lstments) 

Unemployment rate for males, aged 20-2^, Who- have 
comf51eted high school byt not attended college. 



See FHUR3^ 



X 



Real education expenditures on Michigan veterans, ex- 
pressed |n constant 1967 dollars (deflated by Michigan's 
consumer price Index) 

Per capita real Income in constant 1972 dollars, as 
determined In the economic model 

Ratio of the average "price" of ^ private higher 
education as compared to a public, baccalaureate 
education/ Based on Indices of fuUtln^ student 
costs (tuition, room, and board) ■ at Michigan's 
fifteen, four-year^ public Institution's and a 
selected sample of Michigan's private, four-year 
Institutions, weighte4 by enrol Iment* 

Ratio of the average "price" of a public baccalaureate 
education In Michigan to the average price of consumer 
goods (1967 * 1*00). Based on an index of fulltlme 
student costs (tultloni room,* and board) at Michigan's 
fifteen four-year public Inst i tuions and the Michi.gan 
consumer price index. 
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TABLE A-2 

STRUCTURAL EQUATIONS — E.CON0HIC MODEL 



2' Standard 
R Error 



(1) X^M 

(2) ^ YMACH 

i 

{3) . YPRIM 

{k) YFABM 

% 

YCHEM 




(5 
\ 

(6) YRUBR 
(7Y ' YFURN^ 

(8) YEXP 

(9) YOMFG 

(10) YMFG 

(11) YCONS 

(12) YTCUT 



'1^*92230 + 151.312 SHMV - 188^*190 CRISIS - 6835.65 RFUEL 
(1.89) (12.96) (-3.68) (-1.92) 

12W80 + .0733688 lVmv + .583828 YFABM - 5788,57 RFUEL 
(3.82) . (2.61) (3.01) , .(t3.3&) 

628289 + .031^099 YMV + 15.0337 S HPRIM - 3788.^7 RFUEL 

(6.77) ^ 



(5.06) , i^.Zk) 



(5.70) 



■ 689075 + .0956376 YMV + U.9183 SHFABM - 4856.11 RFUEL 
(3.85) (5.IM . (2.51).''"*^ (-5:24^ 

393081 + .01885^1 YMV + 6.06120 ^HCHEM - 2037.07 RFUEL 
(10.97) (4.31)' . (7.18) (-7.67) 

95418 + .0085615 YMV + 9.55830 SHRUBR - 749.99 RFUEL , 
(5.65) (4.27) • (10.39) (-5.62) 



^860 r 21.. 21 57 SHFURN 
(2.98) (11.63) 



YMV + YMACH + YPRIM + YFABM + YCHEM + YRUBR + YFURN 

1503880 + .0397183- YEXP + ,0783652 YNMFG - 3622.78 RFUEL 
(8.20) (2.79) (6.03) (-2.97) 

YEXP^+ YOMFG 

647887 + 0252223 YTOTX"^+ 281.160 LPCY - 9570. 1 3^ Rt^EL 
(>l74) (3.90) (4(.11) (-10.85) 

-260599 + .0309155 YTOTX"^* .448911 L/ORCE 
(-1.89) (7.50) (6.32) 



.935 . 58^730 

.839 15^631 

.924 54626 

.916 96597 

.944 24596 

.967 11103 
:894 " 16388 

V 

Identity 
.921 104526 

Identity 
.952 83^87 

.980 53248 



TABLE A72 (Continued) 



-2216470 + .02^8312 YTOTX'^+ .-^aiaoi* LFORCE 
'H.87) ^ (2.53 V.. ' ' (5.55),. - . 

-8&0lr15 + .0566366 YT0TX'^+ .6722^1 LFORCf 
..^-3 .'80) . (7.31) (5^65); ■ . 

^2k7k^VQ + .Ol5'*3^9 YT0TX"*'+1.4397'» LFORCE 
(H3.32)- (2.75) , (15.97) 

-5263^70 + .041378^1 YTOTX'''+ 2.32502 LFORCE 
(-16.51) ' (^.08) * . (U,75) 

YCONS + YTCUT + YWT ♦ YRT + YFIRE + YSERV 



YHMFG + YOMFG 



-235^50000 + .919074 LFORCE + .1203^0 YEAR 
(-2.95) (1.61)* (2.91) 



YEXP + YLQSR + YPU6 



262033 + .00825't22 YMV + .00865056 LYMV - 18372 W - 4$1.738 RFUEL 

(13.89) (^.27) (5.11)-: (-2.i*'5) (-^.30) 

^(>k^^ + .0307386 Vmach + .0198835 lymach 

(6\2t) (6.30) (i*.35) 

238^*3 + .031785^ YPRIM + .02220l8aYPRIM 

(5.00) (7.18)% (5.2^4) 

37785 + .0112197 YFABM + .0183^^9 LYFABM + .00^*7^3^0 YMV 

(A. 27) (1.02)*. (2.89) (3.5A) 

35752 + .0138505 YCHEM ' V 

(16.81*) (I4.05). 



.9^1 
.979 

* 

.988 
.987 



.981 



.926 
.939 

.897 
.523 



Standard 
Error* 

90202 

7364^1 

1297^7 

identity 
idehtlty 
1^*0550 

rdentit/ 
10369 

4611 

2392 / 

5826 

1280 



(26) 

(27) 

(28) 
(29) 

(30) 



^ (32) 



(33)^ 

(3M 

(35) 

(36) 

(3?) 
(38) 

(39) 
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ERUBR - 

EFURH - 

EEXP 7 

EOMFG - 



ETCUT - 



EWT 
ERT 

EFIRE 

ESERV 

ENMFG 
ELOSR 
EPUB 



TABLE A-2 (Corttlnued) 



'5887 + .0622337 YRUBR + .01571^2 LYRUBR 



(4.53) (8/09) , 



(2.08) 



18436 + .0283726 YFURM 33^3639 RFUEL 
(12.44) (5.30 (-3.39) 



EMV + EMACH + EPRIM + EFABM + ECHEM + ERUBR + EFURN 

123577 394061 LEOMFG - .00293880 YEXP - 128l4l3 RFUEL 
(3.57) (3.06) (5.35) . (-2.09), 



EHFG - EEXP + EOMFG 

ECONS - 2^018 + .0213622 YCONS + 11.1726 LPCY 
- (5.38) (3.87) . (3.47) 



85544 + .000623904^ YTCUT + .0301432 LYTCUT 179.046 RFUEL 
(32.42) (0.18)AA (8.26) » (-10.01) 

63890 +' .0366934 YWT 
(13.49) (15.14) 

• ■ ' *- . 

51087 + .1 11993" YRT ■ V 

(T.$,4J^ (12.67) 

4.IMPi- .0288444 YFIRE 
(5.0Br (25.60) 

33819 + .0894690 YSERV . . 
(2.24) (25,67) 

ECONS + ETCUT + EWT + ERT + EFIRE + ESERV 

EMMFG + EOMFG . , 

28485 + .095-7810 YPUB ■ 
(1,48)* (23.67) 



^942 
.701 



.812 



< 



.872 



.976 



.939 



.915 
.978 
.97a 



' .974 



1088 



\963 



StendaN as a t 
Error * oTMgan 



Identity 



- 582 



f. 



identity 
529^ 

" — 

•1536 



4753" 
20380 

2842 

14806 

i^entl ty * 
Identity . 
'15382 




4.7% 

4. 

1 

4.6% 



2.5% 



3.6% 



3.2% 

I 10 



TABLE A-2 (Continued) 



(A3) 

(A5) 

S(^»6) 
(^*7) 

Km 



ETOT 
MIGW 



NETMIG 
POP 

FORCE 

PCY 
UMEMP 
UNfmi 
RUNR 



- EEXP + ELOSR EPUB 

- 91771 - 205.^03 RUNR + 6.016^2 LPCY + 61 .27^*2 ^[ONC 7626 . 9 LNWP 
^ (7.92) (-ii.72) ' (2.73) (l.56)y " .(f5.17) 

- 207930 - T708.27 LRUNR - .23^517 PLF - 17688 RIOT 
(6.04) (-6.86) (-2.^*5) (-1.^) 

0.5 MIGW + 0.5 LMIGW+ 0.^ >!IGNW +'0.5 LMIG/W' 

/ 

- NATINC + NETMIG / 



E 



85+ 



E (RFORCEj, • POP, j) 
1-1 j-16 

I 

YTOT/POP 

LF - ETOT - EFARM - EOTHER 

UNEMP/FORCE 

UNRMI/UNRUS 



.9^1 



.827 



Standard 
Error , 



Identity 
24^1 



12672 

Identity 

Identity 
( 

Identity 

Identi ty 
Identity 
identity. 
Identi ty 



s.e. 

as a % 
of Mean 



23.7* 



. ANot significant at 95% level of 0>nflclence; buC s I gnl f leant at 3°% level. 
*ANot significant at 90% level of fonfldence. 
tTotal Income(yTOT) , Less Income for the irtdustry In question. 
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TABI^A-3 

STRUCTURAL EQUATIONS EDUCATION MODEL 



n3.^k + .02^6299 INDUCT + 8.M727O C'OHOl^T 
(6.26) (5.57) (2VZ9) 

■ V 

-8.50 M .3227 iRM19 + .O21A156 INDUCT + 23.7592 COHORT 
(-1.08)* (1.35)'^' (3.55) ^ (3.72) 

1.29' + .0013787 PCV + .209753 HHUR2A + .2894. RM21 
(O.AO)** ('1.^8)* (1.62)* (3.11) 

1.06 + .0200892 MVEED + 1.75 GIBILL + .00199711 PCY 
(0.6^1)** ' (2.71) • {IM) (5.06) 

0.11 + .0157284 MVE^D + 0.88 GIBILL + .0002950 PCY 
(0.25)'^^ (7.03) (7.39) • (3.31) 

♦ 

+ .0760137 MHUR3'* ■ 
(2.26) 

k.kh + .52549 FLFR44 + .0102878 AVGSD 
(0.77)** (4.04) (3.15) 

-18.43 + .3303 LRFI9 + .5500 FLfR44 + .042205 AVGSD 
(-5.29) (2.32) (4.66) (1.81) 

-22.96,+' .685845 FLFR44 + .025336 AVGSD - 4.16720 RPR1CE 
(-6.87) (15.56) (1.92) (-1.71)* 

4.91 + .000425 PCY - 6. 76612 RPRICE + .58397 QAPF 
(2.67) (1. 37)''= (-2.40) (16.67) 

4.05 + .0001831 PCY - 5.8787 RPRICE \ .295515 SAPF 
(4,76) (1.47)* (-5.13) (16.40) 

+ .105554 FHUR34 
(3.94) • . 



.7.77 

.743 
.90^ 
.990 



.871 
.958 

.979 
.976 
.987 



Standard 
, Error 

1.99 
2.05 
1.53 
0.71 

« 

0.12 



1.61 

0.97 
0.53 
0.36 
0.14 



44-24 
40.62 
20.72 
,10.85 
2.35 



33,52 
21.21 
7.65 
4.27 
1.84 



S.E. 
as a % 

of Mean 

4.53; 
5.0% 
7.4% 
6.5* 
5.U 



4.8% 
4.6% 

6.9% 
8.4% 
7.6f 



Hi 



TABLE A-3 (Continued) 



(II) 
(12), 



VSHARE - 



BAtP 



5V.37 - 17*93^5 PTOB - 13.0150 RPRICE 

(17.88) 1-9.18) , (-2.60) 

65.76 - 1.7^2^2 BTOJ - ,02)4628 MVEEO 

(n.i8) (-K92) (-1.78) 



'.961 
.992 



Standard 
Error 



S.E. 
as A % 
Mean of Mean 



.72 15.72 A. 6% 
.82 ^ ' 67.66 M.2t 



00 
o 



'•'Not significant at the 95.0^ level of confidence, but significant at the 90.0% level. 
*>''Not significant at the 90% level of confidence. 
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In order to foreciist the demand for education for Michigan it 1s 
necessary to ofc^tain detailed annual forecasts of the civil ian-non-1n«stitu-^ * 
tional population' by single year 6f Age, by race {white or nOn -white ) af»d 
sex {male o)* female). For this purpose, the economic-demographic m'^e.l 
developed in this study includes a Ji.ighly disaggregated , demographic routine 
which estimates two 86 x 4 population matrices for\each year — one for 
the resident population and one for the ci\^ilian non-institutional popula- 
tion.. These data are not available except at each dice.nnial census and, 
therefore, they must be .estimated for each year of the 1960 to 1977 data 
period except 1960 and 1970.. That estimation process must also be convertec^ 
to a projection methodology and used iteratively throughout the projection 
period (1978-2000), . ' 

The demographic estimation process begins with known demographic- 

0 

data the detailed 1960 and 1970 Michigan census counts and related in- 
formation, actual annual births and mwptality rates for 1960 to 1977, and 

* 

mid-year aggregate resident population estimates for each inter-censal 

« 

year. Basic data was obtained from the 1960 and 1970 Censuses of t-he popu- 
lation, the Michigan Department of Public Health, and the Bureau of the Census 

2 

inter-censal popul ation- estimates . The State's vital events records yield 

• • 

, , * , ' - 



Each matrix consists of 86 rows (single year age groups from '0-1 to 84-85 
plus one additional aggregated category, 85 and over) and four columns 
(major race-sex groups white male. White female, non-white male-^ non- 
white female). Resident Population includes both resident military per- 
sonnel and institutionalized civilians, while the ci vi 1 ian-non-insti tu- 
"tional population excludes both types of persons. 

Cu^rrcnt Popujajti o_ri__Repo_rts_, Series P-25 and P-26 have periodically pro- 
vided mid-year population estini.itcs, based on an average of estimates ob- 
tained by throe alternative methods: (1) regression estimates based on 
elementary school enrollments automobi Ic renistrations and other symto- v 
matic data; (2) Census Bureau's Component flethod !I using births, deaths, ? 
and school onrollmont to measure each pot^ulation component separately, ana 
(3) Administrative Records method using IRS data. These estimates have^--"^ 
been made jointly by Bureau of the Census and State agencies since 1970. 
See Moor (37), Morrison (34), and Bureau of the Census (9) for details. 
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sex arid race-specific live births and 1 if>SL tables , from which disaggregated 
survival rates for successive five-year cqhorts are computed. For purposes 
of moving the popQlation through time on an annual basis, these fiveryear - 
data are convfrte'd to single-year ^Stfcvival rates ^by compt>ting -the compound 
annual survival rate necessary to generate the observed five-year survival • 

experience. ^ - • < . 

* , . r". <■ z ' ' . 

The annual net migration estijnates by race is the most difficult to 

derive, sfnce most disaggregated region-specific migration data is, either 

^cross-sectional data gathered at each Census point or ten-year census-survival. 

estimates of net migration from Census to Census. Nifither |ive an indi- 

cation of the annual variations in gross migration flows (i.e., irimigration • 

and outmigration) which are so closely related to the time path- of regional , 

economic conditions. - An additional problem is. that the annual population^ 

"estimates are aggregate, rather than race-specific. All. evidence indicates 

fthat tfie historical pattern of non-white migration has been' significantly 

dif^rent from that of white mi^gration for the North Central region and 

for Michigan in particular, necessitating disaggregation by race. 

^ The latter problem is overcome by making annual inter-censal estimates 

of the' non-white, percentage of the population." The 1960 and 1970 proportions 

by race are easily derived from Census data. The 1975 midyear pei7c-entage- 

can be closely estimted based on recorded vital events from April 1, 1970 

to July 1 , 1975 anjfi on recently estimated state . population and migration 

estimates by race for the 1970-75 period, prepared by the Bureau of the 

Census (50). Annual midyear estimate's for 1961-1969, 197^1-1974, and 19^76- 

1'977 are obtained by fitting an exponential curve to the known points in 

order to approximate a time-series for the non-white proportion df the 
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^ -population: These estimated are then used to^divide the ^nnual popalatio^h^ 
estimates J nto,, their white and non-white components. * • ' ; 

Annual net: migration estimates by race are. theli -obtained by applying . 
the cens-us-si3Vvival methocjology , beginning w4th the, 1966 Census population 

* V '. ' ' ' 

matrix; The age-sex and rece-sp^clf it single year survival rates are '^plied 
to each age (row) of the population matrix to refl ect, mortal ity- experience, , 
the survivors aged one-year, .and the surviving live births added to the 
^ow' empty first row. " the resulting matrix is the estimated 1961 popuUt'ion, 
assuming zero gross migratidn flows from, 1960 to 1961. ' Aggregating the matrix 
to obtain white and" non-white population totaU and comparing those totals 

. to the .racially-disaggregated Census Bureau population estimates yields; 
^ racenspecific net-migration estimate from midyear to midyear'. 

In order to derive the next year's migration .estimates, however, the 

" tn-raigrant-s_^nd-out-jni grants must be added and subtracted;. respecti.vely, ■ . 
from the existig^g matrix of population, which at that point only includes 
change due .to natura,l Increase. This is accomplished in part by using both 

' 1960 and 1970 Census' data, on .migration patterns fpr Michigan to estimate the • 

- 3 ■ » 

a9e-raGe-sex distributions of the gross migration flow. . Ba^sed on this 
/ ■ . . ".^ . ■ * 

data, out-migration is estimated as a proportion' of each respective age-race- 

.sex specific resident population cohort, aggregated, and then added ta the 

net-migration estimate to obtain an aggregated' estimate of gross in-migration. 

fhis estimate of the in-migration flow is then disaggregated based- on the 

appropriate age-race.^sex' specif ic Census distribution. ' The 86 x 4 matrices \ 

of out-migration and in-migration are then subracted and added to the 
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hhe Census ask respondents where they were living five years prior to _ 
their reported address and th^n estimate disaggregated gross in-migration 
and out-migration flows over that period by age, race, and sex for states 
and sub-strate areas. " • . ' 

, 84 , 
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existing mtrU of .resident population to obtain the final 1961 populatio( 

matrix- Itself. In addition, a subroutine is developed to account for 

Michigan residents who were shipped overseas by the military, a- pr*obl em 

which especially distorted the Viet Nam period. Additionally, another 

subroutine is used to convert the reydent population matrix to a civilian- 

non-institutional population matrix, based on^historical relationships • • 

obtained from Census data and other sources. 

The same procedure is iterated for each year between 1960 and 1970, 

This process yields annual , midyear to midyear net migration estimates by 

race and annua 4 population matrices adjusted for both migration and 

vital events. The total population for each year, of course, is identical 

to the Bureau of Census estimate. A similar iteration is performed from 

1^70 to 1977 'using the actual 1970 Census"^ population matrix as the starting 

point. The 1977 population matrix thus derived becomes the base year 

population matrix for all projections. The accuracy of this approach to 

> generating disaggregated annual population and migration estimates can be^ 

partially assessed by comparing the estimated 1970 population matrix to the 

T970 Certsus matrix. While part of the difference between the two is ex- 

plained by error in Census estimates themselves between 1960^and 19/0, the 

res6il,ts of this comparison, as sumfflarized-.-ln Table B-1, are encouragirtg. 

Based oh comparlTons of five-year cohorts by race and sex, deviations range 

from' virtually no error to 7.3 percent, the average (absolute^ deviation 

ray\ging from 2.8 p^ercent for non-white males to 1.1 percent for white 

females. The highest percentage errors occ^ in the older^cohorts (55 and 

ove^), especially for non-whites where there appears to be consistent under- 
■ > 

estimation. Over two-thirds of the race- and sex-specific cohorts deviate 

less tha/i >tv/o 'percent from the Census matrix; only fiv^of forty-eight ex- 

cfeed three- percent . 
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r TABLE 8-1 
r PERCEHTAGE DEVIATION 
SIMULATED POPULATION OVER/ (UNDER) ACTUAL CENSUS COUNT 
IS/t) POPULATION MATRIX 



Age 

Cohort 


White 

Male 

(WM) 


White . 
Female 
(WF) 


Non-White 
Male 
(NWM) 


Hon -White 
R^le 
(NWF) 


0- 4 


1 .63% 


• 

1 .601 


c 

2.77% 


^ 0.03% 


c« 9 




0.46 


d.63 


(2.83) 


10-1^1 


(1 .17) 


(1.19) 


(0.19)* 


r.05 


1 C-1Q 
1 3" lil 




(1 64) 


• • / ^ 


3.01 


20-2i» 


(1.^8) 


(1.11) 


(2.47) 


(1.33) / 


25-29 


(1.19) . 


0.18 


(0.31) 


(1.28) 




2.62 


2.57 


6.12 


2.40 ^ 


35-39 


:^.34 


^ 2.77 


5.10 


2.44 


A0-A4 


0.43 


0.21 


(1.29) 


0:49 


45-54 


(0.24) 


(0.54-) 


(0.30) 


1.65 


55-64 


0.85 


0.41 


(5.27) 


(2.56) 


65 and over 


0.64 


(0.30) 


(7.27) 


/ {5.54:^ 



/■ 



Average* ^ ' 1.211 . ^.09% 2.7$f% 2.05%. 



*Bascd 'on absolute value of percentage, not weighted by size of cohort. 



Last the simulation routine estimates the civilian labor force using 
actual U.S. labor force participation rates, adjusted for'U.S. /Michigan 
differentials derived from the 1970 Census. ^^iHte^^iv^d participation 
rates are multiplied, times thefr respective age, race, and sex-specific 
cohorts of the civil ian non-institytional population, aged 16 and over, to. 
obtain the labor force. Table B-2 presents both the c^iendar. year net 
migration estimates "by race and the midyear l^O'" force estimates for the 
I960, to 1977 data period. The labgr force figures are very close to those 
estimated by the MESC for 1970-77, varying -by no more than "one percent in 
any year. The 1960-69 MESC estimates are also shown, but they are unofficial 
and not comparabU to thei^ 1970-77 estimates nor to the estimates obtained 
from 'the population simulation. The "actual" nei mi-gration figures are 
those obtained from the population simulat^otr^ The "estipted" net migration 
figures^re those obtained from the structural equations (see Table A-H,"^ 
equations 41 and 42); 

The simulation methodology is adapted- to the projection routine with 
three major changes. First, since actual births are used to generate the 
'iH^mber of live births for each projection year. Table B-3 sunmaries 
historical birthrate experience for Michigan and highlights the high, 
medium, ahd low projection assumptions. 'The projection routine uses corti- 
pleted fertility rates by race and age of mother for five-year cohorts 
from 10-50 years of age. Table B-3 presents the weighted summation of 
these completed fertility rates. Second, the most recent mortality change 
factors estimated by the Census Bureau for 1978-2000 are used to adjust 
survival rates during the projection period. Finally, labor force partici- 

pation rates by age, race and sex were projected basqd on Department of 

s 4 
Labor -sources; 



See footnote 29 in the text for references on mortality change factors and/or 
labor force participation rate projections. 
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NET MIGRATION AND LABOR FORCE SIMUUTtQNS 
ACTUAL VERSUS ESTIMATED— 1960-1977 
(In Thousands of Persons) 

ftet Migration 



Civilian 
Labor Force 



Calendar 
Year 


Actual 


£st. 


Est. +/- 
Actual 


Actual 


Est. 


Est. +/- 
' .Actual 


Actual 


Est. 


Est. +/- 
< Actual 


I960 


-80 


n/a 


n/a 


8 


n/a 


" n/a 


2959 


3Q03 


N/A. 


1961 


-85 


-81 


4 


8 


10 


2 


2954 


2996 


N/A 


1962 


-46 


-48 


- 2 


13 


11 


- 2 


2939 


2982 


N/A 


1963 


- 5 


- 6 


- 1 


19 


' 20. 


1 


2967 


3033 


N/A 


1964 


22 


34 


12 


22 


21 


- 1 


3070 


3094 


N/A 


1965 • 


43 


26 


-17 


«4 


22 


- 2 


3211 


3182 


N/A 


1966 


, 24 


27 


r 

7 


21 


22 


1 


3369 


3282 


N/A 


1967 


-11 


- 4 


16 


14 


- 2 


3451 


3362 


N/A 


1968 


' -24 


-31 


7 


14 


11 


' 3 


3501 


3421 


N/A 


1969 


1 


- 8 


9 


17 


15 


- 2 


3594 


3508 


N/A 


1970 


- 7 


- 9 


- 2 


a 


8 


— 


3596 


3580 


-16 


1971 


-25 


-26 


- 1 

# 


2 


2 




3621 


3657 


36 


1972 


-34 


-18 


16 


1 


3 


2 


3700 


3720 


20 


1973 


-10 


-25 


-15 


8 


7 


- 1 


3807 


3809 


2 


1974 


-30 


-18 


12 




4 


k 


3883 


3908 


25 


1975 


-51 


-36 


15 


- 2 


- 7 


- 5 


3901 


3943 


■ 42 


1976 


-40 


-47 


- 7 








3999 


4010 


11 


1977 


-34 


-24 


10 


1 


3 


2 


4118 


4097 


21 



( ) ' ^ 

Actual values for net migration are those determined by the 1960-1977 population 

simulation converted from a fiscal year to a calendar year basis by assuming the net mi- 
gration flows were symmetrlcaK Estimated values are the fitted values obtained by using 
the structural equations within the data period, 1960^1977. 

( b ) 

^ ^Actual figures from Michigan Employment Security Commission are not comparable for 
1960-1969 and 1970'"77, due to a change in estimation technique^ Estimated values are compu- 
ted using the-^960- 1977 population simulation, adjusted for military and institutionalized 
clvUtanj, Labor force is estimated by applying age and sex^speciflc U.S. civilian labor 
force participation rates adjusted for Ml ch igan / U . S . differentials computed from 196O amd 1970 
census data. 
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TABLE B-3 

MICHIGAN BIRTHRATE EXPERIENCE ffH PROJECTIONS 



Completed 
^ FertfUty Rate 
{pet 1 ,000 Votnen) 

White 

Non-White' ' 

Aggregate 

Crude Birthrate 
(per 1.000 Population) 



Actual 


I960 


1965 


1970 


197? 


1977 


379 
409 


2^9 
313 


247 
312 


166 

. 231 


• ti7 
225 


382 


301 


256 


172 


174 



(b) 



217 



256 



212 



212 



P^pulation(OOO) 

White 
Non-Whl te 

Total 



7097 


.7'470 


7859 


7981 


797^4 


8636 


9266 


8638 


9130 


737 


887 


10^2 


1130 


1155 


1^08 


1588 


1388 


1529 


783^ 


8357 


8901 


9111 


9129 


10044 


10854 


10026 


10659 



174 



8i*42 
1378 



High 




Medi 


um 


Low 


1^90 




1990 


2000 


1990 2000 


210 


. . 250 


210 


210 


167 167 1 


. 259 


290 


225 

■ D ^ 


225 


216 , 210 1 



173 



White 
Non-WhIte 


25 

' 29 


20 
23 


18 
27 


14 
21 


14 
21 


17 
23 


. 17 
• 23 


17 
20 


' 16 
18 


14 
19 


12 
17 


Aggregate 


25 


20 


19 


15 


15 


18 


18 


18 


15 


15 


13 


Number of Births 
^ (000) 
























White 
Non-White 


173 
22 


146 ^ 
21 


I4ii 
28 


110 

24 


114 

24 


148 
_i2 


^^6 


U8 


135 
28 


118 

26 


106 
26 


Total 


m. 


i6Z 


172 


134 


■ 138 


180 


197 




163 


144 


1?2 



8701 
1502 



9820 10203 



^^^Blrths: Michigan Department of Public Health / Population: Census Bureau estimates arid 1960-77 population simulation. 
i960 and 1970 statistics are based on Census population counts rather than on July 1 estlnvates. j 

^''^Project ion assumptions are boxed. Estimates and weighted averages are based on medium economic grovyth and relative 
f^el price assumptions. 
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APPENDIX C 
HOUSEHOLD DEMAND FOR HlfiHER EDUCATION 
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The work of G^T-y Becker (3.4,5) Is part of a growing literature which 
treats the behavior of a household much like the behavior of the firm — 
combining tradivjtional consuir^r demand theory with production theory to explain 
household behavior, including marriage, family S'ize. Tabor force participation, 
state of health, accjutsiti on o^j^man capital, leisure, and so on. In this 
formulation, households are bo§i' *uti 1 i ty maximizers and efficient production 
.units, combining own-time with market goods (and services) over the life-cycle 
to produce non-market commodities which yield direct utility to the households. 

* " * 

What follows is an adaptation of this approach, beginning with some basic' 
definitions: 

Z = the i— noh-market comnodity produced by the k— household, 
for i = 1,2,. n. 

X.. = the market-basket of goods (and services) which are purchased 
with household money income and serve as inputs to the pro- 
duction of L ^ 



ik* 



i > - th ^ 

T.. = the amount of k— household's own-time devoted to the 

production o'^ Z.. , where own-time is all time not spent 

working (i.e., Pnerating money income). 

* The k~ hojdsehold is thought to have n production functions of the form, 
• ^ik = ^ik ("ik- ^ik- M ■ ■ 

th 

where E. represents the "state of the world" within which the k — household 

produces, that is, the exogenous environmental and/or institutional variables 

2 

which potentially influence household production. Further, define a household 



More appropriately, both X., and should be vectors of goods and 
own-time, since different kinds anS relativi amount of goods and time are 
devoted to the production of each Z-. . Scalers are u^ed for the sake of ^ 
simplicity. In addition, if any of-the goods represented by X., are durable 
goodSr then X.. measures the stream of services derived from such goods over 
the relevant lime period. 

^E. and, as introduced below, D. are likewise entered as scalers for 
the sake 8f simplicity, when, in fact,., they are vectors of environmental ^nd 
taste variables. 



91 

ERIC 



utility function U,^, as follows, where Dj^ is constant in the short-rijn and 

represents the state of the household's taStes and preferences for the various 
Z^,^.^ The K~ household maximizes U,^ subject^to the joint constirai,nts of 
own-time and market goods available as irtputs. Total time^ aval Table (Tj^) is 
divided between working-time (T^j^) and household production time (T^j^). 

letting Yj^ be total money Income received by the k~ household, be the 
appropriate net market wage rate, and Rj^ be the flow of non-wage income derived 
from non-human household wealth, the goods constraint becomes 

where is the market price of X^^^. Both and Wj^ are exogenous to the 
4 

household. 

The time -and goods constraints are not independent, however, because 
time can l?e converted to goods by allocating more own-time to market work and 
less to household production and yice-versa . Combining (3) and (4), one gets 

• (5) (PiX^k^WJ.,) - W,T^4R|^ = 

th 

where is defined as the "full -income" constraint for the k~ household. 



3 ' + h 

It is assumed, them, that the k— household's tastes and preferences 
for goods are entirely derived from its tastes for the non-market commodities 
(Z.. ) it produces, and no utility is derived solely and uniquely from the 
marKet purchase of goods. 

4 

In addition, it is assumed for the sake of s1mpl>city that-W. is 
invarient across all increments of time and thus across all commoditTes, Z., . 
This is unlikely to be the case, however, because the opportunity cost of Ime 
differs depending oa^hich person and what portion of the day or week are in- 
volved. Again, vector notation would te necessary to capture this complicating 
factor. 
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which includes not only wage Income (Wj^T^j^) and non-wage income (R[^), but 

?lso the opportunity cost of own-time devoted to household production of the 

■ n ■ ■ ■ ■ 

various Z.j^ (Wj^ T^^). ' «; 

Maximizing household utility (2), subject to the full-income (tin« and 
goods) constraint (5) results in a LagranQian problem Of the usual form: 

(6) 4 = (Z.,^; 0^) -X * W,T,|^) -S^ 

but since, from (1), each Z^j^ is also constrained by its production function, 
(6) becomes 

= ,"k pikC'ik' Tik' ^k'; "k] [Jj^Xik ' Vik' -^1 

where x is the Lagrangian multiplier, usually interpreted to be the marginal 
utility of full -income. Assuming that both Ej^ and Dj^ are constant and that 

^ik twice-differentiable and strictly concave over their relevant 
ranges, theji the first-order conditions which are necessary for utility maxi- 
mization are: 



X ^^k . ^^jk - XP, = 0 for 1 = U2.....n * 

^^^^ TfT.. W~ ^ 



i k V i k 



(8b) ' ^ - = 0 for i = 1,2,. ...n 









"ik 


'"k . 


n 




I 

i=l 
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(8c) 

If (8a) and (8b) are solved for x in the case of each Z.j^, one gets 
MPX.. P. 

wrr = wr ' = 1,2,. ...n 

where MPX.j^ = ^^^j^/^^^j^ "'s the marginal product of in the production of 

Z.. , and likewise for T., . Therefore, utility maximization requires that 
ik Ik 
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the first order conditions for output miximization (least-cost production) 
hold. In other words, consumer equilibrium implies that the most ef.ficient 
.(least-cost) combination of goods and time will be allocated to' the, production 
of the utility maximizing bundle of Z^.|^. , ' ^ 

Differentiating (6) with respect to each commodity we can derive the^ 
equilibrium ratio of marginal utilities of any two commodities Z^j^ and Zj|^ to 

p "^^ik ^"^ik 

where n.^ is the marginal cost of Z^j^ and the derivatives in (10) are the mar- 
ginal input-output coefficients derived from the production function, f^j^. A 
change in any Z.j^ therefore, releases or claims an incremental portion of S^, 
which in turn releases or claims marginal , 1nput;s of goods and own-tim^ to be 
reallocated to or recovered from the production of all commodities. The shadow 
price of any commodity Z^j^ is the per unit marginal cost of its production 
and depends on the prices of goods and time and the marginal productivity of 
each. ^ A" 

Solving the 2n + 1 first-order conditions of (8) for 2n + 1 unknowns 
^^ik' "^ik''^^ results in derived demand functions for goods and time of the 
form. 

(11) = x.^(Pi, Pj.-P^.-P^. W^. R^. D^. E^) 

^-k '- Uk^'v \' \' \' 

for all 1 = 1,2, n. X.. and T.. are the equilibrium quantities oi^goods and 

time, respectively. The demand functions for goods (11) differ from the tradi- 
tional analysis of consumer demand only in the fact^that they explicitly include 
time and thus full -income as a constraint and separate the catch-all variable 
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"tastes" into two separate categories (1) those psychological preferences, 
(Dj^) which directly impact the utility function by changing the satisfaction 
(marginal utility) derived from a given combinatior\ of Z^^, and (2) those . 
environmental and/or ^institutional conditions (Ej^) which Influence the 
production function by directly effecting the productivity of one or both 
inputs. Of course, a change in either D,^ or £^ could indirectly effect the 
production^ °^^ik ^^^^^^9^ ^^^^^ influence on good's prices or wages as well. 

In order to derive an aggregate demand curve for any market good, X^, 
it is necessary to "add-up" the demand functions (11) for all households, 
k = 1,2, m. 



m m 



(13) i^fj '- "ik -Cl- ^V—^V—\. \' \' \' \^ . 

To do this we assume that household tastes and perceptions (Dj^ and Ej^) are 
independent and, as before, that households are price-takers In both goods, 
and labor markets. The resulting equilibrium aggregate demand for any good 
(iit) becomes • fjf^ 

(14) X| = X.(P^. P2'""^*""^n' ^» D 

where W, and- T are weighted average Indices of wages,- tastes, ^nd*»» 

environmental/institutional conditions, respectively, and R* is aggrejate 

non-wage incotfJe, all of which are constant in the short-run. Therefore, 

the demand for any good X. is a function of (1) own-price, (2) the prices of 

substitutes and compTiments in production, (3) full-incOme (ffE T. ^ + R*), 

k 

(4) household tastes, and (5) productivity influencing changes in the house- 
hold's environment. While, as ipentioned above, this demand function is . not 
truly different from the more traditional function, it does emphasize the 
complimentary role played by time in household behavior, separate pure 
changes in t^te from changes in environmental or institutional variables 
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i^hich effect the "pro4uct1v"ity" of goods and ^me in househofid consumption, 
and highlight the COTipliroentarity or substitutiibility tsetv^en coninodities 
like educationaj attairwoent,- Vat^^r^ force 1^ 

and leisure, which are not really market goods irii tSe traditional sense of the 
term. A change in relative input prices effects, in turn, both *the allocation of 
full -income and the relative shadow prices of all y^^. Therefor^, changes in 
the amount of demanded depend ultimately on the own and cross-elastictties 
of demand among the various Z^j^. . ^ • . 

The particular market good in question in this study is X^V formal ^ 

ertrollment .at institutions of higher education, which is normalized for the 

" ^' . ' . ^ ' 

most basic demographic differences by using age and sex-specific participation 

r&tes. is utilized in combination with household own-time to "produce" ... 

Z^, which is poslf-secondary education defined in its broadest sense to ^ 

mean the acquiantion of post-sedohdary human capital, not just college-going, 

£er |£/ Fprpl enrol Iment" in. college, then, is but one of several market goods 

which can be purchased with money inccsne and combined wi th' own -time as a 

means of producing Z,... Other means, which are denoted in aggregate as X below, 
, n 9 

might be union apprenticeship, trade school, co-op programs (or other formal 
on^the-job-traning arrangements), correspondence courses, military or religious 
service, and the like. ' 

Assuming for^ simp! icity that and X^ are the only two goods available 
as inputs into the house^iold productic^of Z^, then the production function 
(1) becomes: 

(15) Z^ = f(X.f. Xg, T^, Tg. E) t _ 

and there is a derfVed aggregate dema'nd for formal enrollment of t}>e form, 

(16) X^ = X^ (P^3-p2.— f^f. Pg.—Pn' ^' ^'^ 

Therq are similar derived demand function for X , T^, and T as well. By 
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incorporating the notion of household production into the demand for higher 
education^, it i^ implied that demand does not merely respond t^ the usual 
money irjQome and relative price changes, but responds as well, to (1) changes • 
in the relative shadow prices ^f the nori-market commodities, Z^, (2) to changes 
In the productivity of goods and time, and (3). to .changes in fult -income as - , 
the household -see'ks to attain a utility maximum and, simultaneously, to achieve 
least-cost production. Further, as noted above, consumer tastes are subdivided 
intp preferences for non'-market commodi tieseyp^^'ilit^^variou environmental/ 
..institutional variables which -reflect the state of t^fe world within which 
household production takes place. 

If input prices are held constant, an'increase in the marginal product 
of some input will generate several responses. First, to minimize production 
costs, the input in question will be more intensively utilized relative to 
other factors, i.e., substitution in production will take place wherever 
possible. Since the relative shadow price of those commodities using the 
injbut are reduced, the usual income and substitutio^n effects in consumption 
will" also occur. The net effect on the demand for the input will rise if the 
combined income and- substitution effects out weigh the productivity gain. The 
change in productivity ts most likely caused by a change in household environ- 
ment. E. • For example, in this study the variables COHORT AND GAPF represent 

demographic changes over time which directly influence the perceived productivity 
— 

^It is instructive to note that the two-year college may be popular simply 
•because it allows more freedom in the simultaneous use of other market goods and 
time in the pursuit of broadly-defined post-secondary "education." More than 
likely, however, the two-year institution has been successful because its 
lower costs in terms of time and money income have allowed a greater portion 
of household resources to be allocated 'to non-market commodities which do not 
require inputs as indivisible as college-going and yield higher utility per 
full-income ^lar (e.g., labor force participation, leisure time, child- 
rearing, etc^y. 
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of fonnaT higher education.^ Increases in productivity result in greater ^ 
use of forma? enrollment in the production of post -secondary education. 

Kolding productivity constant, a reduction in the relative price of soirie 
input will shift production toward commodities that use that input more inten- 
sively. Th^ greater the related elasticities of substitution in production 
and consumption^^ the greater will be the increase in demand for that ihput. 
Such. a price change can come about directly through changes in either D or 
E. For .example, if the political or demographic climate alters public 
subsidies to college-going, then the amount of and will be effected 
because of the relative price change for X^. In this s€udy, declining veterans 
expenditures on higher education (MVEED) has a negative impact oni X^, while 
rising state scholarship gr*aTfts (AVGSD) have a" positive impact. 

•pn'the other hand, changes in tastes (0) for household-produced fcomnodi-;- 
ties, influence the amount of purchased by first influencing the relative,-i 
amount of desired by the household, that i|, by changing the marginal 



utility of Z. itself. The resulting adjustment of the relative amounts 
of commodities produced and consumed and the acicompanying reallocation of 
goods (including X^) and time are determined by, the various price and income 
elasticities of demand and the elasfTfities of substitution in production. 
For example, in this study the variable" FLFR44 is used to capture changing 
tastes on the part of women for labor force participation versus own-time 
household production. The increase in demand for^higher education associated 
with this "taste change" emanates from a complimentary relationship between 
labor force participation and educational attainment, both commodities that 
are produced and "consumed" by the household. 



The educational attainment gap between old^r and, younger women (GAPF) 
and the relative cohort size for younger men (COHORT) simultaneously reflect 
the strong complimentari ty between post-secondary education and labor force 
participation, and in the case of older women, their dramatic chawge in 
taste for market work. 
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